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PURPOSE: To eliminate the patterning step for forming 
a wiring while solving the problems arising when an Al 
based alloy or Cu is employed as a wiring material. 
CONSTITUTION: The wiring structure for a 
semiconductor device comprises (a), a trench 14 or an 
opening made in an insulation layer 12 formed on a 
substrate 10, and (b). a multilayer metal wiring layer 22 
comprising a tight contact layer 16 and an Ag layer 20 
formed in the trench 14 or the opening. The method for 
forming a wiring in a semiconductor device comprises a 
step for forming an insulation layer 1 2 on the substrate 
10 and then making a trench 14 or an opening therein, a 
step for forming a multilayer metal wiring layer 22 
comprising a tight contact layer 16 and an Ag layer 20 
on the insulation film including the trench or the opening, 
and a step for removing the metal wiring layer 22 from 
above the insulation layer 12 while leaving the metal 
wiring layer 22 in the trench 14 or the opening. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] (b) the multilayer metal wiring layer which consists of the adhesion layer from the 
bottom and Ag layer which were formed in the slot or opening formed in the insulating layer on a 
base, a (b) this slot, or opening circles — since — the wiring structure of the semiconductor 
device characterized by being constituted. 

[Claim 2] Said adhesion layer is the two-layer structure of the bottom to Ti layer, a TiN layer, 
and a Ti layer / TiN layer, or the wiring structure of the semiconductor device according to claim 
1 characterized by consisting of the two-layer structure of Ag layer / Ti layer from the bottom. 
[Claim 3] Wiring structure of the semiconductor device according to claim 1 or 2 characterized 
by forming the sidewall which changes from SiN to the side attachment wall of said slot or 
opening. 

[Claim 4] (b) the process which forms a slot or opening in this insulating layer after forming an 
insulating layer on a base, and (**) — the process which forms from the bottom the multilayer 
metal wiring layer which consists of an adhesion layer and Ag layer on the insulating layer 
containing this slot or opening circles, and the process which removes the metal wiring layer on 
an insulating layer (Ha), and leave a metal wiring layer to a slot or opening circles — since — the 
wiring formation approach of the semiconductor device characterized by to change. 
[Claim 5] formation of said Ag layer — Ag2 — the wiring formation approach of the 
semiconductor device according to claim 4 characterized by being based on the chemistry 
gaseous-phase depositing method using C03, AgN02, AgBr, or Agl as a raw material. 
[Claim 6] Removal of the metal wiring layer on the insulating layer in the process of the above 
(Ha) is the wiring formation approach of the semiconductor device according to claim 4 or 5 
characterized by consisting of the chemical mechanical polish process of a metal wiring layer. 
[Claim 7] The wiring formation approach of the semiconductor device according to claim 6 
characterized by performing the chemical mechanical polish of Ag layer using the mixed water 
solution of 12 and KI. 

[Claim 8] Removal of the metal wiring layer on the insulating layer in the process of the above 
(Ha) is the wiring formation approach of the semiconductor device according to claim 4 or 5 
characterized by consisting of the etchback process of a metal wiring layer. 
[Claim 9] Said adhesion layer is the wiring formation approach of a semiconductor device given 
in any 1 term of the two-layer structure of the bottom to Ti layer, a TiN layer, and a Ti layer / 
TiN layer or claim 4 characterized by consisting of the two-layer structure of Ag layer / Ti layer 
from the bottom thru/or claim 8. 

[Claim 10] The wiring formation approach of a semiconductor device given in any 1 term of claim 
4 characterized by including further the process which forms the sidewall which changes from 
SiN to the side attachment wall of a slot or opening after the process of said (b) thru/or claim 9. 

[Claim 11] (b) the multilayer metal wiring layer which consists of the adhesion layer from the 
bottom formed in the slot or opening formed in the insulating layer on a base, a (b) this slot, or 
opening circles, Cu layer, and Ag layer — since — the wiring structure of the semiconductor 
device characterized by being constituted. 
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[Claim 12] Said adhesion layer is the two-layer structure of the bottom to Ti layer, a TiN layer, 
and a Ti layer / TiN layer, or the wiring structure of the semiconductor device according to claim 
1 1 characterized by consisting of the two-layer structure of Ag layer / Ti layer from the bottom. 

[Claim 13] Wiring structure of the semiconductor device according to claim 11 or 12 
characterized by forming the sidewall which changes from SiN to the side attachment wall of 
said slot or opening. 

[Claim 14] Wiring structure of the semiconductor device according to claim 11 or 12 
characterized by forming the sidewall which changes from Ag to the side attachment wall of said 
slot or opening. 

[Claim 15] (b) the process which forms a slot or opening in this insulating layer after forming an 
insulating layer on a base, and (**) — the process which forms from the bottom the multilayer 
metal wiring layer which consists of an adhesion layer, Cu layer, and Ag layer on the insulating 
layer containing this slot or opening circles, and the process which remove the metal wiring layer 
on an insulating layer (Ha), and leave a metal wiring layer to a slot or opening circles — since — 
the wiring formation approach of the semiconductor device characterized by to change. 
[Claim 16] Removal of the metal wiring, layer on the insulating layer in the process of the above 
(Ha) is the wiring formation approach of the semiconductor device according to claim 15 
characterized by consisting of the chemical mechanical polish process of a metal wiring layer. 
[Claim 1 7] The wiring formation approach of the semiconductor device according to claim 16 
characterized by performing the chemical mechanical polish of Ag layer using the mixed water 
solution of 12 and KL 

[Claim 18] Removal of the metal wiring layer on the insulating layer in the process of the. above 
(Ha) is the wiring formation approach of the semiconductor device according to claim 1 5 
characterized by consisting of the etchback process of a metal wiring layer. 
[Claim 19] (b) The process which forms a slot or opening in this insulating layer after forming an 
insulating layer on a base, The process which forms from the bottom the 1st multilayer metal 
wiring layer which consists of an adhesion layer and Cu layer on the insulating layer containing a 
(b) this slot or opening circles, The process which removes the 1st metal wiring layer on an 
insulating layer, and leaves the 1st metal wiring layer to a slot or opening circles, (Ha) the 
process which forms the 2nd metal wiring layer which consists of Ag layer on a (d) insulating 
layer and the 1st metal wiring layer, and the process which removes the 2nd metal wiring layer 
on a (e) insulating layer, and leaves the 2nd metal wiring layer to a slot or opening circles — 
since — the wiring formation approach of the semiconductor device characterized by changing. 
[Claim 20] Removal of the 1st metal wiring layer on the insulating layer in the process of the 
above (Ha) or removal of the 2nd metal wiring layer on the insulating layer in the process of said 
(e) is the wiring formation approach of the semiconductor device according to claim 19 
characterized by consisting of a chemical mechanical polish process. 

[Claim 21] The wiring formation approach of the semiconductor device according to claim 20 . 
characterized by performing the chemical mechanical polish of Ag layer using the mixed water 
solution of 12 and KL 

[Claim 22] Removal of the 1st metal wiring layer on the insulating layer in the process of the 
above (Ha) or removal of the 2nd metal wiring layer on the insulating layer in the process of said 
(e) is the wiring formation approach of the semiconductor device according to claim 1 9 
characterized by consisting of an etchback process. 

[Claim 23] Said adhesion layer is the wiring formation approach of a semiconductor device given 
in any 1 term of the two-layer structure of the bottom to Ti layer, a TiN layer, and a Ti layer / 
TiN layer or claim 1 5 characterized by consisting of the two-layer structure of Ag layer / Ti 
layer from the bottom thru/or claim 22. 

[Claim 24] The wiring formation approach of a semiconductor device given in any 1 term of claim 
15 characterized by including further the process which forms the sidewall which changes from 
SiN to the side attachment wall of a slot or opening after the process of said (b) thru/or claim 
23 

[Claim 25] The wiring formation approach of a semiconductor device given in any 1 term of claim 
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15 characterized by including further the process which forms the sidewall which changes from 
Ag to the side attachment wall of a slot or opening after the process of said (b) thru/or claim 23. 

[Claim 26] The formation approach of the silver thin film by the chemistry gaseous-phase 
depositing method using Ag2C03 as a raw material. 

[Claim 27] The formation approach of the silver thin film by the chemistry gaseous-phase 
depositing method using AgN02 as a raw material. 

[Claim 28] The formation approach of the silver thin film by the chemistry gaseous-phase 
depositing method using AgBr as a raw material. 

[Claim 29] The formation approach of the silver thin film by the chemistry gaseous-phase 
depositing method using Agl as a raw material. 

[Claim 30] The CVD system which is a CVD system equipped with piping which connects the 
source of a raw material, a CVD chamber, and the source of a raw material and a CVD chamber, 
and is characterized by having the 1st heater which heats piping more than the boiling point of a 
raw material, and the 2nd heater which heats the CVD chamber induction for introducing a raw 
material into a CVD chamber more than the boiling point of a raw material. 
[Claim 31] The 2nd heater is a CVD system according to claim 30 characterized by being lamp 
heating apparatus. 

[Claim 32] The chemical mechanical polish method characterized by grinding a silver thin film 
chemically and mechanically using the mixed water solution of 12 and KI. 



* [Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the CVD system suitable for formation of the 
wiring structure concerning the wiring structure of a semiconductor device where Ag (silver) was 
used as a wiring material and the wiring formation approach, the silver thin film formation 
approach, and a list, and the chemical mechanical polish method. 
[0002] 

[Description of the Prior Art] With high integration of a semiconductor device, the dimension 
Ruhr of the manufacture process of a semiconductor device makes it detailed, and is also making 
detailed wiring width of face in a semiconductor device in connection with this. Pure aluminium 
or an aluminium alloy (hereafter, these are named generically and it is also called aluminum 
system alloy) is mainly used as current and a wiring material. And after, forming the metal wiring 
layer which consists of aluminum system alloy by the so-called elevated-temperature aluminum 
spatter method for example, on the substrate which consists of an insulating layer, this metal 
wiring layer is made into a desired pattern configuration with a photolithography technique and 
an etching technique. Of this, wiring which consists of aluminum system alloy is formed. Then, an 
insulator layer is formed on wiring and flattening processing of this insulator layer is performed. 
[0003] In order to form a resist pattern with a photolithography technique on a metal wiring 
layer, it is necessary to stop the scattered reflection of the light by the metal wiring layer at the 
time of exposure. When the scattered reflection of light is not stopped at the time of exposure, 
halation arises under the effect of the scattered reflection of light, and the defect of the stage 
piece of a resist etc. arises in the formed resist pattern. Therefore, regist patterning is 
performed after usually forming the antireflection film which consists of TiON on a metal wiring 
layer. 

[0004] Hereafter, the example of a manufacture process of the conventional semiconductor 
device based on the elevated-temperature aluminum spatter method and the flattening approach 
by polish is explained with reference to drawing 20 , drawing 21 , and drawing 22 . 
[0005] The component isolation region 102 and the gate field 104 are formed in the base 100 
which consists of a [prociess -10] semi-conductor substrate. Then, a LDD ion implantation is 
performed, the gate sidewall 106 is formed, an ion implantation is performed and the source drain 
field 108 is formed (refer to (A) of drawing 20 ). 

[0006] The layer insulation layer 1 12 is formed all over after that [ [process -20] ], and, 
subsequently to the layer insulation layer 1 12, opening 1 14 is formed (refer to (B) of drawing 
20). 

[0007] After forming the adhesion layer 1 16 which consists of Ti/TiN/Ti all over [a process -30], 
next the layer insulation layer 112 which contains opening 1 14 in a spatter, the metal wiring layer 
1 18 which consists of aluminum system alloy (for example, aluminum-1 wt%Si) by the elevated- 
temperature aluminum spatter method is made to deposit on the whole surface. Then, the 
antireflection film 120 which consists of TiON is formed in the whole surface. And wiring is 
formed by carrying out patterning of an antireflection film 120, the metal wiring layer 1 18, and 
the adhesion layer 1 16 with a photolithography technique and a dry etching technique (refer to 
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(C) of drawing 20 ). 

[0008] [Process -40] Subsequently flattening processing by polish is performed. That is, the 1st 
insulator layer 122 which consists of Si02 by the plasma-CVD method all over the layer 
insulation layer 1 12 including wiring is formed, the stopper layer 124 which consists of SiN by the 
plasma-CVD method on it is formed, and the 2nd insulator layer 126 which consists of thick 
Si02 is further formed with a CVD method on it (refer to (A) of drawing 21 ). 
[0009] The 2nd insulator layer 126 is ground from the upper part after that [ [process -50] ]. 
And it grinds until the stopper layer 124 appears as a polished surface (refer to (B) of drawing 
21 ). In this way, the 1st insulator layer 122 by which flattening was carried out is formed after 
wiring. 

[0010] Or the insulator layer by which flattening processing was carried out can also be formed 
at the following processes again instead of [the process -40] and [the process -50] using the 
stopper layer 124 which consists of SiN. 

[001 1] The insulator layer 130 which consists of Si02 by the [process-40'] plasma-CVD method 
is formed. 

[0012] After that [ [process-50 ? ] ], a resist 132 is formed on an insulator layer 130, and 
patterning of the resist 132 is carried out so that the heights of an insulator layer 130 may be 
exposed (refer to (A) of drawing 22 ). 

[0013] A resist 132 is removed after etching [process-60'], next the heights of an insulator layer 
1 30 (refer to (B) of drawing 22 ). 

[0014] a part of insulator layer 130 which remained after that [ [process-70'] ], without being 

etched — 130A is ground and flattening of an insulator layer 130 is performed. 

[0015] 

[Problem(s) to be Solved by the Invention] If wiring makes it detailed, it will become difficult to 
form the wiring width of face made into the purpose with a sufficient controllability. In response 
to the effect of the irregularity of the layer insulation layer 1 12 which is a substrate, irregularity 
arises in the front face of the metal wiring layer 1 18. Moreover, it is easy to be ruined when the 
metal wiring layer 1 18 which consists of aluminum system alloy is formed by the elevated- 
temperature aluminum spatter method etc. (that is, irregularity is easy to be formed). It 
originates in these and the coverage of the antireflection film 120 in the crevice of the metal 
wiring layer 1 18 falls (for example, refer to (C) of drawing 20 ). In order for the reflection factor 
of the light in the part to fall, the scattered reflection of light arises, and it becomes impossible 
consequently, to form the target patterning configuration to the metal wiring layer 118 under the 
effect of halation etc. as a result. 

[0016] Moreover, the wiring structure after regist patterning is the 120/metal wiring layer 1 18 of 
antireflection films which consists of a top to TiON. Dry etching performs patterning of the metal 
wiring layer 1 18 after regist patterning. In this case, BCI3 system gas is usually used as etching 
gas. However, etching by BCI3 system gas is only a chemical reaction, and it is impossible to 
etch the antireflection film 120 which consists of TiON by BCI3 system gas. So, it is necessary 
to etch the antireflection film 120 in a physical spatter operation. 

[0017] Therefore, in case the metal wiring layer 118 which consists of aluminum system alloy is 
etched, it is necessary to change into chemical etching conditions from the etching conditions 
which have a spatter operation. However, when the thickness of the 120/metal wiring layer 118 
of antireflection film is uneven, these etching serves as an ununiformity by modification of such 
etching conditions. 

[0018] Furthermore, the approach explained at [the process -40] and [the process -50] using 
the stopper layer 124 which consists of SiN has the following troubles. That is, although the 
stopper layer 124 is used in case the 2nd insulator layer 126 which consists of Si02 is ground, 
the selection ratio to polish of Si02 and SiN is obtained three to about six. Therefore, it does 
not function as a stopper so that the stopper layer 124 which consists of SiN may perform the 
terminal point judging of polish, but the 1st insulator layer 122 may be ground too much. Namely, 
the 2nd insulator layer 126 cannot be ground with a sufficient controllability. Consequently, it has 
the problem that perfect flattening of the 1st insulator layer 122 cannot be attained. 
[0019] And if spacing of wiring is thin in case between wiring is embedded by the 1st insulator 
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layer 122 which consists of Si02 or SOG with a CVD method etc., the embedding of the 1st 
insulator layer 122 becomes inadequate, and it also has the problem that "** (void)" 122A 
occurs in the 1st insulator layer 122 during wiring (refer to drawing 23 ). 
[0020] on the other hand — SiN — from — changing — a stopper — a layer — 124 — not 
using — [ — a process - 40 — ' — ] - [ — a process - 70 — ' — ] — having explained — an 
approach — also setting — an insulator layer — 130 — polish — the time — an insulator layer 
— 130 — polish — a terminal point — a judgment — carrying out — **** . For this reason, it 
has the problem of grinding an insulator layer 130 too much. 

[0021] Thus, in manufacture of a detailed semiconductor device, after forming wiring, the 
conventional approach of forming a flat insulator layer on it has the above various troubles, and 
there is still no approach for solving these troubles effectively. 

[0022] In the above-mentioned process, aluminum system alloy is used as a wiring material. In 
the metal wiring layer 1 18 which consists of aluminum system alloy, electromigration is a big 
problem. Moreover, at the time of the dry etching of the metal wiring layer 1 18, by the corrosion 
of a metal wiring layer, a void occurs in a metal wiring layer and the dependability fall of wiring is 
caused. As a result of the aluminum particle in the metal wiring layer 1 18 moving when a current 
is passed to wiring as detailed wiring-ization progresses especially, current concentration arises 
in the minute chip void generated in the metal wiring layer. Therefore, it was missing with 
electromigration and much more dependability fall of wiring is caused by compound operation of 
a void. 

[0023] Using copper (Cu) as a wiring material as a way stage which solves this problem is 
proposed. However, there is no suitable etching approach of Cu and it has various problems — 
that the workability of Cu is not good, and heat treatment in the furnace which contains oxygen 
several% that it is very easy to oxidize cannot be performed. The problem of workability forms a 
slot in an insulating layer, and after making Cu deposit on an insulating layer including this slot, it 
can avoid it by grinding Cu on an insulating layer chemically and mechanically by the chemical 
mechanical polish method. However, an effective means to prevent oxidation of the front face of 
Cu embedded in the slot is not known. 

[0024] Therefore, the 1st purpose of this invention does not need to perform the patterning 
process of the metal wiring layer by the photolithography technique and dry etching technique 
for forming wiring, and the insulating layer which includes wiring, without grinding the insulator 
layer formed on wiring like before — completeness — it is in offering the wiring structure and 
the wiring formation approach of a new semiconductor device which make flattening possible and 
can solve the trouble at the time of using aluminum system alloy and Cu as a wiring material 
further. 

[0025] The 2nd purpose of this invention is to offer the new silver thin film formation approach. 
Furthermore, the 3rd purpose of this invention is to provide the CVD system list suitable for 
application to this wiring structure and the wiring formation approach with the chemical 
mechanical polish method. 
[0026] 

[Means for Solving the Problem] the 1st voice of this invention for attaining the 1st above- 
mentioned purpose — the multilayer metal wiring layer which consists of the adhesion layer from 
the bottom and Ag layer by which the wiring structure of the semiconductor device applied like 
was formed in the slot or opening formed in the insulating layer on a (b) base, a (b) slot, or 
opening circles — since — it is characterized by being constituted. 

[0027] In the wiring structure of the semiconductor device concerning the 1st mode of this 
invention, an adhesion layer can consist of two-layer structure of the bottom to Ti layer, a TiN 
layer, and a Ti layer / TiN layer, or two-layer structure of the bottom to Ag layer / Ti layer. 
Moreover, in order to prevent oxidation of a metal wiring layer on the side attachment wall of a 
slot or opening, the sidewall which consists of SiN may be formed. 

[0028] The wiring formation approach of the semiconductor device concerning the 1st mode of 
this invention for attaining the 1st above-mentioned purpose The process which forms a slot or 
opening in an insulating layer after forming an insulating layer on a (b) base, (**) — the process 
which forms from the bottom the multilayer metal wiring layer which consists of an adhesion 
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layer and Ag layer on the insulating layer containing a slot or opening circles, and the process 
which removes the metal wiring layer on an insulating layer (Ha), and leaves a metal wiring layer 
to a slot or opening circles — since — it is characterized by changing. 

[0029] the 1st voice of this invention — the wiring formation approach of the semiconductor 
device applied like — setting — formation of Ag layer — Ag2 — it can carry out by the 
chemistry gaseous-phase depositing method using C03, AgN02, AgBr, or Agl as a raw material. 
Removal of the metal wiring layer on the insulating layer in the process of (Ha) can consist of a 
chemical mechanical polish process of a metal wiring layer, or an etchback process of a metal 
wiring layer, the chemical mechanical polish method — setting — the mixed water solution of 12 
and KI — using — the chemical mechanical polish of Ag layer — it can carry out. 
[0030] Moreover, an adhesion layer can consist of two-layer structure of the bottom to Ti layer, 
a TiN layer, and a Ti layer / TiN layer, or two-layer structure of the bottom to Ag layer / Ti 
layer. The process which forms the sidewall which changes from SiN to the side attachment wall 
of a slot or opening after the process of (b) can be included further. 

[0031] the 2nd voice of this invention for attaining the 1st above-mentioned purpose — the 
multilayer metal wiring layer which consists of the adhesion layer from the bottom by which the 
wiring structure of the semiconductor device applied like was formed in the slot or opening 
formed in the insulating layer on a (b) base, a (b) slot, or opening circles, Cu layer, and Ag layer - 
- since — it is characterized by being constituted. 

[0032] In the wiring structure of the semiconductor device concerning the 2nd mode of this 
invention, an adhesion layer can consist of two-layer structure of the bottom to Ti layer, a TiN 
layer, and a Ti layer / TiN layer, or two-layer structure of the bottom to Ag layer / Ti layer. 
Moreover, SiN or the sidewall which consists of Ag again may be formed in the side attachment 
wall of a slot or opening. 

[0033] The wiring formation approach of the semiconductor device concerning the 2nd mode of 
this invention for attaining the 1st above-mentioned purpose The process which forms a slot or 
opening in an insulating layer after forming an insulating layer on a (b) base, (**) — the process 
which forms from the bottom the multilayer metal wiring layer which consists of an adhesion 
layer, Cu layer, and Ag layer on the insulating layer containing a slot or opening circles, and the 
process which removes the metal wiring layer on an insulating layer (Ha), and leaves a metal 
wiring layer to a slot or opening circles — since — it is characterized by changing. 
[0034] In the wiring formation approach of the semiconductor device concerning the 2nd mode of 
this invention, removal of the metal wiring layer on the insulating layer in the process of (Ha) can 
consist of chemical mechanical polish processes of a metal wiring layer. In this case, removal of 
Ag layer by the chemical mechanical polish is performed using the mixed water solution of 12 and 
KI. Or removal of the metal wiring layer on the insulating layer in the process of (Ha) can consist 
of etchback processes of a metal wiring layer again. 

[0035] The wiring formation approach of the semiconductor device concerning the 3rd mode of 
this invention for attaining the 1st above-mentioned purpose The process which forms a slot or 
opening in an insulating layer after forming an insulating layer on a (b) base, The process which 
forms from the bottom the 1st multilayer metal wiring layer which consists of an adhesion layer 
and Cu layer on the insulating layer containing a (b) slot or opening circles, The process which 
removes the 1st metal wiring layer on an insulating layer, and leaves the 1st metal wiring layer to 
a slot or opening circles, (Ha) the process which forms the 2nd metal wiring layer which consists 
of Ag layer on a (d) insulating layer and the 1st metal wiring layer, and the process which 
removes the 2nd metal wiring layer on a (e) insulating layer, and leaves the 2nd metal wiring layer 
to a slot or opening circles — since — it is characterized by changing. 

[0036] the 3rd voice of this invention — in the wiring formation approach of the semiconductor 
device applied like, removal of the 1st metal wiring layer on the insulating layer in the process of 
(Ha) or removal of the 2nd metal wiring layer on the insulating layer in the process of (e) can 
consist of chemical mechanical polish processes. In this case, removal of Ag layer by the 
chemical mechanical polish is performed using the mixed water solution of 12 and KI. Or removal 
of the 1st metal wiring layer on the insulating layer in the process of (Ha) or removal of the 2nd 
metal wiring layer on the insulating layer in the process of (e) can consist of etchback processes 
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again. 

[0037] In the wiring formation approach of the semiconductor device concerning the 2nd or 3rd 
mode of this invention, an adhesion layer can consist of two-layer structure of the bottom to Ti 
layer, a TiN layer, and a Ti layer / TiN layer, or two-layer structure of the bottom to Ag layer / 
Ti layer. Moreover, the process which forms the sidewall which changes from SiN or Ag to the 
side attachment wall of a slot or opening after the process of (b) can be included further. 
[0038] The formation approach of the silver thin film for attaining the 2nd above-mentioned 
purpose is characterized by depending Ag2C03 on the chemistry gaseous-phase depositing 
method used as a raw material. Or it is characterized by being based on the chemistry gaseous- 
phase depositing method using AgN02 as a raw material again. Furthermore, it is characterized 
by being based on the chemistry gaseous-phase depositing method using AgBr as a raw material. 
Furthermore, it is characterized by being based on the chemistry gaseous-phase depositing 
method using Agl as a raw material. These raw materials are gasified and it uses as CVD gas 
using carrier gas, such as inert gas. 

[0039] The CVD system of this invention for attaining the 3rd above-mentioned purpose is 
equipped with piping which connects the source of a raw material, a CVD chamber, and the 
source of a raw material and a CVD chamber. And it is characterized by having the 1 st heater 
which heats piping more than the boiling point of a raw material, and the 2nd heater which heats 
the CVD chamber induction for introducing a raw material into a CVD chamber more than the 
boiling point of a raw material. The 2nd heater can be used as lamp heating apparatus. 
[0040] The chemical mechanical polish method for attaining the 3rd above-mentioned purpose is 
characterized by grinding a silver thin film chemically and mechanically using the mixed water 
solution of 12 and KI. 
[0041] 

[Function] The metal wiring layer is formed in a slot or opening circles in this invention. Such a 
metal wiring layer of a gestalt removes the metal wiring layer on an insulating layer, and since it 
is formed by leaving a metal wiring layer to a slot or opening circles, it does not need to perform 
patterning of the metal wiring layer formed on the insulating layer by the photolithography 
technique and the dry etching technique like the conventional technique. Moreover, since 
flattening processing by removal of the metal wiring layer on an insulating layer is performed, it is 
not necessary to perform flattening processing of the insulator layer formed on wiring like a Prior 
art. 

[0042] Ag cannot oxidize easily due to elevated-temperature heat treatment. Although Ag also 
oxidizes, it decomposes into AgO->Ag+0 at the temperature more than 100-degreeC. For this 
reason, AgO is not stable at the temperature of hundreds of degreeC, and the oxide of Ag is not 
maintained. Moreover, since a metal wiring layer is constituted from Ag, the problem of 
electromigration like aluminum system alloy is not generated. Therefore, stable wiring can be 
formed in the wiring structure or the wiring formation approach concerning the 1st mode of this 
invention. 

[0043] In the wiring formation approach concerning the wiring structure or the 2nd or 3rd mode 
concerning the 2nd mode of this invention, since a metal wiring layer is constituted from an Ag 
layer and a Cu layer, the problem of electromigration like aluminum system alloy is not 
generated. And since the front face of Cu layer is covered with Ag layer, oxidation of Cu layer 
can be prevented. 

[0044] Hereafter, with reference to a drawing, this invention is explained based on an example. In 
addition, in an example 1 - an example 6, the wiring formation approach concerning the wiring 
structure and the 1st mode of a semiconductor device concerning the 1st mode of this invention 
is explained. Moreover, in an example 7 - an example 12, the wiring formation approach 
concerning the wiring structure and the 2nd mode of a semiconductor device concerning the 2nd 
mode of this invention is explained. Furthermore, in an example 13 - an example 15, the wiring 
formation approach concerning the wiring structure and the 3rd mode of a semiconductor device 
concerning the 2nd mode of this invention is explained. 

[0045] (Example 1) an example 1 - an example 6 — the 1st voice of this invention — the wiring 
structure of the semiconductor device applied like, and the 1st voice — it is related with the 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgLejje 



2004/12/01 



. 6/19^— v 

wiring formation approach which starts like. The wiring structure of an example 1 changes from 
the multilayer metal wiring layer 22 formed in the slot 14 where a semiconductor device is 
typical, and which was formed in the insulating layer 12 on a base 10, and the slot 14 to drawing 
1 so that a sectional view may be shown in part. The metal wiring layer 22 consists of an 
adhesion layer 1 6 and an Ag layer 20 from the bottom. The adhesion layer 1 6 is the two-layer 
structure of Ti layer 18 A/TiN layer 18B from the bottom. 

[0046] the wiring formation approach of an example 1 — (**) — the process which forms a slot 
14 in an insulating layer 12 after forming an insulating layer 12 on a base 10, and (**) — it 
consists of the process which forms from the bottom the multilayer metal wiring layer 22 which 
consists of the adhesion layer 1 6 and the Ag layer 20, and the process which remove the metal 
wiring layer 22 on an insulating layer (Ha) 12, and leave the metal wiring layer 22 in a slot 14 on 
an insulating layer 12 including the inside of a slot 14. Formation of the Ag layer 20 is based on 
the chemistry gaseous-phase depositing method for having used Ag2C03 as a raw material. 
Moreover, removal of the metal wiring layer 22 on the insulating layer 12 in the process of (Ha) 
consists of the chemical mechanical polish process of the metal wiring layer 22 of having used 
the mixed water solution of 12 and KI. By operating as a stopper the insulating layer 12 which 
consists of Si02, it becomes possible to set up the selection ratio of the metal wiring layer 22 
and insulating layer 12 to a chemical mechanical polish to infinity. 

[0047] Hereafter, with reference to typical drawing 2 which is sectional views a part, such as a 
semiconductor device, the wiring formation approach of an example 1 is explained concretely. 
[0048] The insulating layer 12 which consists of Si02 is formed on the base 10 which consists of 
[a process -100, for example, a semi-conductor substrate,]. The formation conditions of an 
insulating layer 12 can be carried out as follows. 

Gas used : SiH4/O2/N2=250/250 / 100sccm substrate heating temperature: 420-degreeC 
pressure : 13.3Pa thickness : 0.8 micrometers [0049] A slot 14 is formed in an insulating layer 12 
with a photolithography technique and a dry etching technique after that [ [process -110]] 
(refer to (A) of drawing 2 ). In addition, the slot 14 has extended in the direction perpendicular to 
the space of drawing 2 . The conditions of dry etching can be carried out as follows. 
Gas used : C4F8=50sccmRF power : 1200W pressure : 2Pa [0050] The adhesion layer 16 which 
consists of Ti layer 18 A/TiN layer 18B is formed in a spatter on the insulating layer 12 including 
a slot 14 from under [a process -120] next (refer to (B) of drawing 2 ). The adhesion layer 16 
can be formed on condition that the following. 

Formation use gas 150 degreeC thickness of Ti layer 18A : Ar=100sccm power : 4kW pressure : 
0.47Pa membrane formation temperature : : Formation use gas of 50nmTiN layer 18B : 
Ar/N2=40/70sccm power : 5kW pressure : 0.47Pa thickness : 70nm[0051] The silver (Ag) layer 
20 is formed in the whole surface with a CVD method after that [ [process -130] ] (refer to (C) 
of drawing 2 ). Formation of the Ag layer 20 is based on the chemistry gaseous-phase depositing 
method for having used Ag2C03 as a raw material. The conditions of CVD can be carried out as 
follows. 

Raw material : Source temperature of Ag2C03 raw material : 170-degreeC use gas : 
Ag2C03/Ar/H2=1 0/25/1 OOOsccm pressure : 2.6x1 03Pa substrate heating temperature: By this, 
the Ag layer 20 deposits on the 450-degreeC insulating layer 12 including the inside of a slot 14. 
The Ag layer 20 is formed of the following reaction. 

Ag2C03+H2->2Ag+C02**+H20** [0052] The CVD system of this invention shown in drawing 3 
for formation of the Ag layer 20 was used. This CVD system is equipped with the piping 204 
which connects the CVD chamber 200, the source 202 of a raw material, the source of a raw 
material, and a CVD chamber. And it has the 1st heater 206 which heats piping 204 more than 
the boiling point of a raw material, and the 2nd heater 210 which heats the CVD chamber 
induction 208 for introducing a raw material into a CVD chamber more than the boiling point of a 
raw material. The 2nd heater 210 is lamp heating apparatus, and the mirror 212 is formed. 
Moreover, the aperture 214 made from a quartz is formed in the part of the about 208 CVD 
chamber induction [ which opposes the 2nd heater 210 ] piping 204. In addition, it is a heater for 
lamp heating apparatus for 216 to heat a base 10 and 218 to heat inert gas induction among 
drawing 3 , and for 220 heat the source 202 of a raw material. At the 1st and 2nd heaters 
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206,210, Ag2C03 gas which flows the inside of piping 204 and the CVD chamber induction 208 is 
held more than 218-degreeC which is the boiling point. 

[0053] By [a process -140], next the chemical mechanical polish method, the Ag layer 20 and 
the adhesion layer 16 on an insulating layer 12 are ground chemically and mechanically, and are 
removed, in a slot 14, it leaves the Ag layer 20 and the adhesion layer 16, and wiring which 
consists of the metal wiring layer 22 is formed (refer to drawing 1 ). The polish equipment shown 
in drawing 4 is used for a chemical mechanical polish. The conditions of a chemical mechanical 
polish can be carried out as follows. 

Polish plate rotational frequency : 37rpm substrate maintenance base rotational frequency : 
17rpm polishing pressure force : 5.5x1 08Pa pad temperature : A chemical mechanical polish is 
performed using the mixed water solution of 40 degreeCI2+KI. 

[0054] since a slurry (abrasive material +KOH+ water of Si02 system) is used when grinding 
Si02 conventionally, but it is not distributed at homogeneity in the field which a slurry should 
grind in case Si02 is ground by the slurry — grinding — passing — etc. — the problem that 
dispersion arises is in flattening of the polished surface in a substrate. When grinding the Ag 
layer 20 and the adhesion layer 16, a slurry is not needed, but by grinding with the mixed water 
solution of I2+KI, it is possible to remove only the Ag layer 20 and the adhesion layer 16, and it 
has the advantage that there is also little dispersion, in flattening of the polished surface in a 
substrate. 

[0055] Wiring which consists of the metal wiring layer 22 embedded at the flat insulating layer 12 
by this is formed. In an example 1, like the conventional wiring formation approach, regist- 
patterning processing and dry etching processing of a metal wiring layer become unnecessary, 
and the problem of dispersion of the light at the time of regist patterning and the problem from 
which etching becomes uneven can be avoided. Moreover, formation of the insulator layer on 
wiring and flattening processing of this insulator layer are also unnecessary. 

[0056] (Example 2) In the example , 1, the metal wiring layer 22 which consists of the Ag layer 20 
and the adhesion layer 16 on an insulating layer 12 was removed by the chemical mechanical 
polish method. The metal wiring layer 22 is removed [ in / instead / an example 2 ] by the 
etchback method by dry etching. In addition, other processes are the same as an example 1, and 
detailed explanation is omitted. 

[0057] Etchback is carried out by the dry etching method of the following conditions, and it 
leaves the metal wiring layer 22 which consists of the adhesion layer 16 and the Ag layer 20 in a 
slot 14 for the Ag layer 20 and the adhesion layer 16 which were formed on the insulating layer 
12 including the [etching process of metal wiring layer 22] slot 14. 

Gas used : NO2/O2=20 / 20sccm microwave power: 850WRF power : 10W pressure : 1.3Pa 
substrate heating temperature : 100-degreeC [0058] (Example 3) In an example 3, the process 
which forms the sidewall 26 which changes from SiN to the side attachment wall of a slot 14 
between the [process -1 10] of an example 1 and [a process -120] is included further. In 
addition, other processes are the same as an example 1, and detailed explanation is omitted. 
Hereafter, the formation process of the sidewall 26 of an example 3 is explained with reference 
to drawing 5 . By forming a sidewall 26, oxidation of the adhesion layer 16 by the insulating layer 
1 2 can be prevented. 

[0059] SiN layer 26A is made to deposit by the plasma-CVD method the whole surface on the 

insulating layer 12 including the inside of the [formation process of sidewall 26] slot 14 (refer to 

(A) of drawing 5 ). The formation conditions of SiN layer 26A are illustrated below. 

Gas used: SiH4/NH3/N2=180/500/720sccm temperature : 200-degreeC pressure : 40Pa 

thickness : 100nm [0060] Then, whole surface etchback of the SiN layer 26A is carried out (refer 

to (B) of drawing 5 ). The conditions of etchback can be carried out as follows. 

Gas used : CHF3=50sccmRF power : 300W pressure : 2Pa of sidewalls 26 is formed in the side 

attachment wall of a slot 14 of this. Henceforth, the wiring structure shown in (C) of drawing 5 

can be formed through [process -120] - [a process -140]. [ of an example 1 ] 

[0061] (Example 4) The wiring structure of an example 4 typical to drawing 6 which shows a 

sectional view in part Opening 14A formed in 1st insulating-layer 12A on the base 10 which 

differ an example 1 and a little and consists of a semi-conductor substrate, It consists of metal 
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wiring layers 22 which consist of the adhesion layer 16 and the Ag layer 20 which were 
embedded at slot 14B formed in 2nd insulating-layer 12B formed on 1st insulating-layer 12A, and 
opening 14A and slot 14B. In this case, the sidewall 26 which changes from SiN to the side 
attachment wall of opening 14A and the flank of slot 14B may be formed. Moreover, a lower layer 
conductor layer (for example, source drain field 36) and the wiring 24 in slot 14B are electrically 
connected by embedding opening 14A by the metal wiring layer 22. 

[0062] The wiring formation approaches of an example 4 differ an example 1 and a little, after 
they form slot 14B in 2nd insulating-layer 12B formed on 1st insulating-layer 12A in opening 14A 
again at 1st insulating-layer 12A on the base 10 which consists of a semi-conductor substrate 
beforehand, embed opening 14A and slot 14B by the metal wiring layer 22 which consists of the 
adhesion layer 16 and the Ag layer 20, and form wiring structure. The metal wiring layer 22 on 
2nd insulating-layer 12B is removed by the chemical mechanical polish method. Hereafter, the 
wiring formation approach of an example 4 is explained with reference to typical drawin g 7 and 
typical drawing 8 which are sectional views a part, such as a semiconductor device. 
[0063] On the base 10 which consists of the semi-conductor substrate which consists of 
[Process] -400 Si (100), the component isolation region 30 and the gate field 32 are formed by 
the usual approach. Subsequently, in order to form the gate sidewall 34 in the whole surface, 
Si02 film is made to deposit, after performing a LDD ion implantation. The deposition conditions 
of Si02 film can be carried out as follows. 

Gas used : SiH4/O2-/N2=250/250 / 100sccm temperature : 420-degreeC pressure : 13.3Pa 
thickness : Further, whole surface etchback of Si02 film is performed and 0.25 micrometers of 
gate sidewalls 34 are formed in the side attachment wall of the gate field 32. Whole surface 
etchback can be performed on condition that the following. 

Gas used : C4F8=50sccmRF power: 1200W pressure : An impurity ion implantation is performed 
on condition that the following after that [ 2Pa ] for formation of the source drain field 36. 
formation As of an N type channel Formation BF 2 of 20KeV and 5x1015-/cm2 P type channel 
20KeV and 3x1015-/cm2 — a part typical to (A) of drawing 7 in this way — the structure shown 
with a sectional view can be acquired. 

[0064] 1st insulating-layer 12A which consists of two-layer [ of Si02 and BPSG ] is formed in 
the whole surface with the CVD method of the following conditions after that [ [process -410] ]. 
SiO two-layer formation use gas : TEOS 50sccm pressure : 40Pa temperature : 720-degreeC 
thickness : Formation use gas of 400nmBPSG layers : SiH4/PH3/B- 
2H6/O2/N2=80/7/7/1000/32000sccm temperature : 400-degreeC pressure : 1.0x105Pa 
thickness : 500nm 900 more degreeC and reflow processing for 20 minutes are performed, and 
flattening of 1st insulating-layer 12A is performed. 

[0065] [A process -420], next 2nd insulating-layer 12B which consists of Si02 are formed in the 
whole surface. 2nd insulating-layer 12B can be formed on condition that the following. 
Gas used : SiH4/O2-/N2=250/250 / 100sccm temperature : 420-degreeC pressure : 13.3Pa 
thickness : 0.8 micrometers [0066] Slot 14B is formed in 2nd insulating-layer 12B with a 
photolithography technique and a dry etching technique like the [process -1 10] of an example 1 
after that [ [process -430] ] (refer to (B) of drawin g 7 ). 

[0067] [Process -440] Subsequently opening 14A is formed in 1st insulating-layer 12A by 
performing dry etching after regist patterning (refer to (C) of drawin g 7 ). Here, width of face of 
slot 14B is made larger than the path of opening 14A. The conditions of dry etching can be 
carried out as follows. 

Gas used : C4F8 50sccmRF power: 1200W pressure : Further, 2Pa of 1 100-degreeC and 
activation annealing for 10 seconds are performed, after forming a junction field by performing an 
ion implantation to opening circles. The following examples can be given as conditions for an ion 
implantation. 

Formation As of an N type channel Formation BF 2 of 20KeV and 5x1015-/cm2 P type channel 
20KeV, 3x1015-/cm2 [0068] It is desirable to form a SiN layer in the whole surface by the 
plasma-CVD method, to carry out whole surface etchback of the SiN layer subsequently like 
[the formation process of a sidewall 26] of an example 3, and to form the sidewall 26 which 
changes from SiN to the side attachment wall of opening 14A and the side attachment wall of 
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6lot 14B after that [ [process -450] ], (refer to (A) of drawing 8 ). 

[0069] The adhesion layer 16 which consists of Ti layer / TiN layer is formed in a spatter from 
under [a process -460] next on 2nd insulating-layer 12B containing opening 14A and slot 14B. 
This process can be made to be the same as that of the [process. -1 20] of an example 1. 
[0070] The Ag layer 20 is formed in the whole surface like the [process -130] of an example 1 
after that [ [process -470] ] by the chemistry gaseous-phase depositing method using Ag2C03 
as a raw material (refer to (B) of drawing 8 ). 

[0071] Like [a process -480], next the [process -140] of an example 1, by the chemical 
mechanical polish method, the Ag layer 20 and the adhesion layer 16 on 2nd insulating-layer 12B 
are ground chemically and mechanically, and are removed, in slot 14B and opening 14A, it leaves 
the Ag layer 20 and the adhesion layer 16, and the connection hole and wiring which consist of 
the metal wiring layer 22 are formed (refer to drawing 6 ). That is, the connection hole (for 
example, the so-called contact hole) with which the metal wiring layer 22 was embedded is 
formed in opening 14A. Moreover, the wiring 24 with which the metal wiring layer 22 was 
embedded at slot 14B is formed. 

[0072] In addition, it is also removable by carrying out etchback by the dry etching method like 
an example 2 instead of removing the metal wiring layer 22 which consists of the Ag layer 20 and 
the adhesion layer 16 by the chemical mechanical polish method. 

[0073] (Example 5) An example 5 is deformation of an example 4. Although the wiring structure 
of an example 5 is the same as an example 4, the wiring formation approach is different from an 
example 4. That is, opening 14A prepared in 1st insulating-layer 12A is embedded with the metal 
wiring material which consists of Ag, connection hole 24A is completed, subsequently to a it top, 
2nd insulating-layer 12B is made to deposit, and the point which forms slot 14B in this 2nd 
insulating-layer 12B is different from an example 4. In an example 5, [the process -400], [a 
process -410], and [a process -440] of an example 4 are same process, and other processes 
differ. Hereafter, the approach of an example 5 is explained with reference to drawing 9 and 
drawing 10 . 
[0074] 

On the base 10 which consists of the semi-conductor substrate of [process -500] -[process - 
520] Si (100), the component isolation region 30 and the gate field 32 are formed by the usual 
approach. Subsequently, after performing a LDD ion implantation, the gate sidewall 34 is formed 
and an impurity ion implantation is performed for formation of the source drain field 36. Then, 1st 
insulating-layer 12A which consists of two-layer [ of Si02 and BPSG ] is formed in the whole 
surface with a CVD method, reflow processing is performed, and flattening of 1st insulating-layer 
12A is performed. Subsequently, activation annealing is performed after making a junction field 
form by forming opening 14A in 1st insulating-layer 12A in the dry etching after regist patterning, 
and performing an ion implantation to it at opening circles. These processes can be made to be 
the same as that of the [process -400] of an example 4, [a process -410], and [a process -440]. 
Subsequently, the sidewall (not shown) which consists of SiN may be formed in the side 
attachment wall of opening 14A. 
[0075] [Process -530] 

1st adhesion layer 16A which consists of Ti/TiN is formed in the whole surface from the bottom 
after [a process -520] by the same approach as the [process -120] of an example 1. 
Subsequently, by the same approach as the [process -130] of an example 1, 1st Ag layer 20A is 
formed on the whole surface with a CVD method, and the 1st metal wiring layer which consists 
of 1 st adhesion layer 1 6A and 1st Ag layer 20A is formed (refer to (A) of drawing 9 ). 
[0076] After that [ [process -540] ], the 1st metal wiring layer on 1st insulating-layer 12A is 
removed by the chemical mechanical polish method, and it leaves the 1 st metal wiring layer 20A 
and 16A only in opening 14A (refer to (B) of draw ing 9 ). The conditions of a chemical mechanical 
polish can be made to be the same as that of the [process -140] of an example 1. Of this, the 
so-called contact hole 24A by which the 1st metal wiring layer was embedded at opening 14A is 
formed. Instead of the chemical mechanical polish method, it may leave the 1st metal wiring layer 
20A and 16A only in opening 14A with the etchback by the dry etching method like an example 2. 
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[0077] [Process -550] Subsequently to the whole surface, 2nd insulating-layer 12B which 
consists of Si02 is formed. 2nd insulating-layer 12B can be formed on the same conditions as 
the [process -420] of an example 4. Then, slot 14B is formed in 2nd insulating-layer 12B with a 
photolithography technique and a dry etching technique like the [process -430] of an example 4 
(refer to (A) of drawing 10 ). Then, if needed, a SiN layer may be formed in the whole surface by 
the plasma-CVD method, subsequently whole surface etchback of the SiN layer may be carried 
out like the [process -450] of an example 4, and the sidewall (not shown) which changes from 
SiN to the side attachment wall of slot 14B by this may be formed. 

[0078] By the same approach as [a process -560], next the [process -120] of an example 1 
After forming in a spatter 2nd adhesion layer 16B which consists of Ti with a thickness of 30nm 
on 2nd insulating-layer 12B containing slot 14B, by the same approach as the [process -130] of 
an example 1 2nd Ag layer 20B is formed on the whole surface with a CVD method, and the 2nd 
metal wiring layer which consists of 2nd adhesion layer 16B and 2nd Ag layer 20B is formed. 
[0079] [Process -570] Subsequently, by the chemical mechanical polish method, the 2nd metal 
wiring layer 20B and 16B on 2nd insulating-layer 12B is removed, in slot 14B, it leaves 2nd Ag 
layer 20B and 2nd adhesion layer 16B, and wiring 24 is formed (refer to (B) of drawing 10 ). The 
conditions of a chemical mechanical polish can be made to be the same as that of the [process 
-140] of an example 1 r 

[0080] In addition, instead of removing the 2nd metal wiring layer 20B and 16B on 2nd insulating- 
layer 12B by the chemical mechanical polish method, like an example 2, etchback of the 2nd 
metal wiring layer 20B and 16B is carried out by the dry etching method, it can leave the 2nd 
metal wiring layer 20B and 16B only in slot 14B, and wiring 24 can also be formed in slot 14B by 
this. 

[0081] (Example 6) An example 6 is deformation of an example 5. The point that an example 6 is 
different from an example 5 is in the point which forms a tungsten plug with a CVD method in 
opening 14A beforehand. Hereafter, the wiring formation approach of an example 6 is explained 
with reference to dra wing 1 1 . 
[0082] 

[Process -600] - [a process -620] These processes can be made to be the same as that of 
[process -500] - [a process -520]. [ of an example 5 ] 
[0083] [Process -630] 

The barrier layer 40 which consists of Ti/TiN is formed in the whole surface in a spatter after [a 
process -620], and the tungsten layer 42 is formed with a CVD method all over after that (refer 
to (A) of drawing 1 1 ). The membrane formation conditions of Ti and TiN can be made to be the 
same as that of the [process -120] of an example 1. Moreover, the membrane formation 
conditions of the tungsten by the CVD method are illustrated below. 

Gas used : WF6/H2=95 / 550sccm membrane formation temperature : 450-degreeC pressure : 
1.1x104Pa thickness : 0.4 micrometers [0084] After that [ [process -640] ], etchback is 
performed by the dry etching method, the tungsten layer 42 and the barrier layer 40 on 1st 
insulating-layer 12A are removed, and it leaves the metal plug and the barrier layer 40 which 
consist of the tungsten layer 42 only in opening 14A (refer to (B) of drawin g 11 ). The conditions 
of dry etching can be carried out as follows. 

Gas used : SF6=50sccm microwave power: 850WRF power : 150W pressure : Contact hole 24A 
which consists of the so-called tungsten plug by which the tungsten was embedded at opening 
14A by this 1.33Pa is formed. In addition, it may leave the tungsten layer 42 and the barrier layer 
40 only in opening 14A by the chemical mechanical polish method instead of the etchback by the 
dry etching method. 

[0085] [Process -650] Subsequently to the whole surface, 2nd insulating-layer 1 2B which 
consists of Si02 is formed. 2nd insulating-layer 12B can be formed on the same conditions as 
the [process -550] of an example 5. Then, slot 14B is formed in 2nd insulating-layer 12B with a 
photolithography technique and a dry etching technique like the [process -550] of an example 5. 
In addition, width of face of slot 14B is made larger than the path of opening 14A. 
[0086] After forming in a spatter the adhesion layer 16 which consists of Ti of 30nm thickness 
by the same approach as [a process -660], next the [process -560] of an example 5 on 2nd 
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insulatipg-layer 12B containing slot 14B f by the same approach as the [process -130] of an 
example 1 , the Ag layer 20 is formed on the whole surface with a CVD method, and the metal 
wiring layer which consists of the adhesion layer 16 and the Ag layer 20 is formed. 
[0087] The metal wiring layer on 2nd insulating-layer 12B is removed with the etchback by the 
chemical mechanical polish method or dry etching after that [ [process -670] ] by the same 
approach as the [process -140] of an example 1. By this, it leaves a metal wiring layer only in 
slot 14B, and the wiring 24 which consisted of metal wiring layers which consist of the adhesion 
layer 16 and the Ag layer 20 in slot 14B is formed (refer to (C) of drawing 1 1 ). 
[0088] (Example 7) an example 7 - an example 12 — the 2nd voice of this invention — the 
wiring structure of the semiconductor device applied like, and the 2nd voice — it is related with 
the wiring formation approach which starts like. The wiring structure of an example 7 changes 
from the multilayer metal wiring layer 50 formed in the slot 14 where a semiconductor device is 
typical, and which was formed in the insulating layer 12 on a base 10, and the slot 14 to drawing 
12 so that a sectional view may be shown in part. The metal wiring layer 50 consists of an 
adhesion layer 52, a Cu layer 54, and an Ag layer 56 from the bottom. Moreover, the adhesion 
layer 52 is the two-layer structure of Ti layer 52 A/TiN layer 52B from the bottom. 
[0089] the wiring formation approach of an example 7 — (**) — the process which forms a slot 
14 in an insulating layer 12 after forming an insulating layer 12 on a base 10, and (**) — it 
consists on an insulating layer 12 including a slot 14 of the process which forms from the bottom 
the multilayer metal wiring layer 50 which consists of the adhesion layer 52, the Cu layer 54, and 
the Ag layer 56, and the process which removes the metal wiring layer 50 on an insulating layer 
(Ha) 12, and leaves a metal wiring layer in a slot 14. 

[0090] Formation of the adhesion layer 52, the Cu layer 54, and the Ag layer 56 is performed in a 
spatter. Moreover, removal of the metal wiring layer 50 on the insulating layer 12 in the process 
of (Ha) consists of the chemical mechanical polish process of the metal wiring layer 50. By 
operating as a stopper the insulating layer 12 which consists of Si02, it becomes possible to set 
up the selection ratio of the metal wiring layer 50 and insulating layer 12 to a chemical 
mechanical polish to infinity. 

[0091] Hereafter, with reference to typical drawing 13 which is sectional views a part, such as a 
semiconductor device, the wiring formation approach of an example 7 is explained concretely. 
[0092] The insulating layer 12 which consists of Si02 is formed on the base 10 which consists of 
[a process -700, for example, a semi-conductor substrate,]. The formation conditions of an 
insulating layer 12 can be made to be the same as that of the [process -100] of an example 1. 
Then, a slot 14 is formed in an insulating layer 12 with a photolithography technique and a dry 
etching technique. In addition, the slot 14 has extended in the direction perpendicular to the 
space of drawing 13 . The conditions of dry etching can be made to be the same as that of the 
[process -1 10] of an example 1. 

[0093] The adhesion layer 52 which consists of Ti layer 52 A/TiN layer 52B is formed in a 
spatter on the insulating layer 12 including a slot 14 from under [a process -710] next (refer to 
(A) of drawing 13 ). The adhesion layer 52 can be made to be the same as that of the [process - 
1 20] of an example 1 . 

[0094] The copper (Cu) layer 54 is formed in the whole surface in a spatter after that [ [process 
-720] ] (refer to (B) of drawing 13 ). The Cu layer 54 can be formed on the following spatter 
conditions. 

Gas used : Ar=100sccm power : 10kW pressure : 0.47Pa membrane formation temperature : 200- 
degreeC thickness : 500nm [0095] The silver (Ag) layer 56 is formed in the whole surface in a 
spatter after that [ [process -730] ] (refer to (C) of drawing 13 ). The Ag layer 56 can be formed 
in the spatter of the following conditions. 

Gas used : Ar=100sccm power : 10kW pressure : 0.47Pa membrane formation temperature : 200- 
degreeC thickness : 100nm of front faces of the Cu layer 54 is covered with the Ag layer 56 in 
this way. 

[0096] By [a process -740], next the chemical mechanical polish method, the Ag layer 56, the Cu 
layer 54, and the adhesion layer 52 on an insulating layer 12 are ground chemically and 
mechanically, and are removed, in a slot 14, it leaves the Ag layer 56, the Cu layer 54, and the 
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adhesion layer 52, and wiring which consists of the metal wiring layer 50 is formed (refer to 
drawing 12 ). The polish equipment shown in drawing 4 is used for a chemical mechanical polish. 
The conditions of a chemical mechanical polish can be carried out as follows. 
Polish plate rotational frequency : 37rpm substrate maintenance base rotational frequency : 
17rpm polishing pressure force : 5.5x1 08Pa pad temperature : The mixed water solution of I2+KI 
is used for removal by the chemical mechanical polish method of the 40-degreeCAg layer 56. 
Moreover, K4Fe(CN)6+H20 is used for removal by the chemical mechanical polish method of the 
Cu layer 54 and the adhesion layer 52. 

[0097] since a slurry (abrasive material +KOH+ water of Si02 system) is used when grinding 
Si02 conventionally, but it is not distributed at homogeneity in the field which a slurry should 
grind in case Si02 is ground by the slurry — grinding — passing — etc. — the problem that 
dispersion arises is in flattening of the polished surface in a substrate. When grinding the Ag 
layer 56, the Cu layer 54, and the adhesion layer 52, a slurry is not needed, but by grinding in the 
mixed water solution of I2+KI, and K4Fe(CN)6 water solution, it is possible to remove only the Ag 
layer 56, the Cu layer 54, and the adhesion layer 52, and it has the advantage that there is also 
little dispersion, in flattening of the polished surface in a substrate. 

[0098] Wiring which consists of the metal wiring layer 50 embedded at the flat insulating layer 12 
by this is formed. In an example 7, like the conventional wiring formation approach, regist- 
patterning processing and dry etching processing of a metal wiring layer become unnecessary, 
and the problem of dispersion of the light at the time of regist patterning and the problem from 
which etching becomes uneven can be avoided. Moreover, formation of the insulator layer on 
wiring and flattening processing of this insulator layer are also unnecessary. 

[0099] (Example 8) In the example 7, the metal wiring layer 50 which consists of the Ag layer 56, 
the Cu layer 54, and the adhesion layer 52 on an insulating layer 12 was removed by the 
chemical mechanical polish method. The metal wiring layer 50 is removed [ in / instead / an 
example 2 ] by the etchback method by dry etching. In addition, other processes are the same as 
an example 7, and detailed explanation is omitted. 

[0100] Etchback is carried out by the dry etching method of the following conditions, and it 
leaves the metal wiring layer 50 which consists of the adhesion layer 52, the Cu layer 54, and the 
Ag layer 56 in a slot 14 for the Ag layer 56, the Cu layer 54, and the adhesion layer 52 which 
were formed on the insulating layer 12 including the [etching process of metal wiring layer 50] 
slot 14. The etching use gas of the Ag layer 56 : NO2/O2=20 / 20sccm microwave power: 
850WRF power : 10W pressure : 1.3Pa substrate heating temperature : Etching use gas of the 
100-degreeCCu layer 54 and the adhesion layer 52 : O2-/CI2=10 / 70sccm microwave power: 
1000WRF power : 300W pressure : 0.5Pa substrate heating temperature : 300-degreeC [0101] 
(Example 9) In an example 9, the process which forms the sidewall 26 which changes from SiN to 
the side attachment wall of a slot 14 between the [process -710] of an example 7 and [a 
process -720] is included further. In addition, other processes are the same as an example 7, 
and detailed explanation is omitted. Hereafter, the formation process of the sidewall 26 of an 
example 9 is explained with reference to drawing 14 . By forming a sidewall 26, oxidation of the 
adhesion layer 52 by the insulating layer 12 and the Cu layer 54 can be prevented. 
[0102] SiN layer 26A is made to deposit by the plasma-CVD method the whole surface on the 
insulating layer 12 including the inside of the [formation process of sidewall 26] slot 14 (refer to 
(A) of drawing 14 ). Next, whole surface etchback of the SiN layer 26A is carried out (refer to (B) 
°f drawing 14 ). The formation conditions of SiN layer 26A and the conditions of etchback can be 
made to be the same as that of an example 3. A sidewall 26 is formed in the side attachment 
wall of a slot 14 of this. Henceforth, the wiring structure shown in (C) of d rawing 14 can be 
formed through [process -720] - [a process -740]. [ of an example 7 ] 

[0103] (Example 10) The sidewall 26 which consists of SiN in an example 9 was formed in the 
side attachment wall of a slot 14. On the other hand, in an example 10, a sidewall is formed from 
Ag (silver). In addition, other processes are the same as an example 7, and detailed explanation is 
omitted. Hereafter, the formation process of the sidewall of an example 10 is explained. By 
forming the sidewall which consists of Ag, oxidation of the adhesion layer 52 by the insulating 
layer 12 and the Cu layer 54 can be prevented. 
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[0104] Ag layer is made to deposit in a spatter the whole surface on the insulating layer 12 
including the inside of the [formation process of sidewall which consists of Ag] slot 14. Next, 
whole surface etchback of the Ag layer is carried out. The formation conditions of Ag layer and 
the conditions of etchback are illustrated below. 

Ag stratification condition use gas : Ar=100sccm power : 4kW pressure : 0.47Pa membrane 
formation temperature : 200-degreeC thickness : 100nmAg layer etchback condition use gas : 
NO2/O2=20 / 20sccm microwave power: 850WRF power : 10W pressure : 1.3Pa substrate 
heating temperature : 100degreeC — the same sidewall can be formed in the side attachment 
wall of a slot 1 4 with having been shown in drawing 14 in this way. Henceforth, the same wiring 
structure can be formed with having been shown in (C) of drawing 14 through [process -720] - 
[a process -740]. [ of an example 7 ] 

[0105] (Example 11) The wiring structure of an example 1 1 typical to drawing 15 which shows a 
sectional view in part Opening 14A formed in 1st insulating-layer 12A on the base 10 which 
differ an example 7 and a little and consists of a semi-conductor substrate, It consists of metal 
wiring layers 50 which consist of the adhesion layer 52, the Cu layer 54, and the Ag layer 56 
which were embedded at slot 14B formed in 2nd insulating-layer 12B formed on 1st insulating- 
layer 12A, and opening 14A and slot 14B. In this case, the sidewall 26 which changes from SiN to 
the side attachment wall of opening 14A and the flank of slot 14B may be formed. Moreover, a 
lower layer conductor layer (for example, source drain field 36) and the wiring 58 in slot 14B are 
electrically connected by embedding opening 14A by the metal wiring layer 50. 
[0106] The wiring formation approaches of an example 1 1 differ an example 7 and a little, after 
they form slot 14B in 2nd insulating-layer 12B formed on 1st insulating-layer 12A in opening 14A 
again at 1st insulating-layer 12A on the base 10 which consists of a semi-conductor substrate 
beforehand, embed opening I4A and slot 14B by the metal wiring layer 50 which consists of the 
adhesion layer 52, the Cu layer 54, and the Ag layer 56, and form wiring structure. The metal 
wiring layer 50 on 2nd insulating-layer 12B is removed by the chemical mechanical polish 
method. Hereafter, the wiring formation approach of an example 11 is explained with reference to 
typical drawing 16 which is sectional views a part, such as a semiconductor device. 
[0107] On the base 10 which consists of the semi-conductor substrate of [Process] -1 100 Si 
(100), the component isolation region 30 and the gate field 32 are formed by the usual approach. 
Subsequently, after performing a LDD ion implantation, the gate sidewall 34 is formed and an 
impurity ion implantation is performed for source drain field formation. 

[0108] After that [ [process -1110] ], 1st insulating-layer 12A which consists of two-layer [ of 
Si02 and BPSG ] is formed in the whole surface with a CVD method, reflow processing is 
performed, and flattening of 1st insulating-layer 12A is performed. 

[0109] [Process -1 120] Subsequently to a 1st insulating-layer 12A top, 2nd insulating-layer 12B 
which consists of Si02 is formed. 

[01 10] Slot 14B is formed in 2nd insulating-layer 12B after that [ [process -1 130] ]. 
[0111] [Process -1140] Opening 14A is further formed in 1st insulating-layer 12A. Subsequently, 
activation annealing is performed after making a junction field form by performing an ion 
implantation to opening circles. 

[01 12] The above process can be made to be the same as that of [process -400] - [a process - 
440]. [ of an example 4 ] 

[01 13] [Process -1 150] Subsequently the sidewall 26 which consists of SiN may be formed in 
the side attachment wall of opening 14A and slot 14B like the [process -450] of an example 4. 
Of the above process, the structure shown in (A) of drawing 16 is formed. 

[01 14] The adhesion layer 52 which consists of Ti layer / TiN layer is formed in a spatter from 
under [a process -1160] next on 2nd insulating-layer 12B containing opening 14A and slot 14B. 
This process can be made to be the same as that of the [process -120] of an example 1. 
[01 15] The Cu layer 54 is formed in the whole surface in a spatter like the [process -720] of an 
example 7 after that [ [process -1 170] ]. Subsequently, the Ag layer 56 is formed in the whole 
surface in a spatter like the [process -730] of an example 7 (refer to (B) of drawing 16 ). 
[01 16] After that [ [process -1 180] ], like the [process -740] of an example 7, by the chemical 
mechanical polish method, the Ag layer 56, the Cu layer 54, and the adhesion layer 52 on 2nd 
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insulating-layer 12B are ground chemically and mechanically, and are removed, in slot 14B and 
opening 14A, it leaves the Ag layer 56, the Cu layer 54, and the adhesion layer 52, and the 
connection hole and wiring which consist of the metal wiring layer 50 are formed (refer to 
drawing 15 ). That is, connection hole 58A (for example, the so-called contact hole) where the 
metal wiring layer 50 was embedded is formed in opening 14A. Moreover, the wiring 58 with 
which the metal wiring layer 50 was embedded at slot 14B is formed. 

[01 17] In addition, it is also removable by carrying out etchback by the dry etching method like 
an example 8 instead of removing the metal wiring layer 50 which consists of the Ag layer 56, the 
Cu layer 54, and the adhesion layer 52 by the chemical mechanical polish method. 
[01 18] (Example 12) An example 12 is deformation of an example 1 1. Although the wiring 
structure of an example 12 is the same as an example 1 1, the wiring formation approach is 
different from an example 1 1. That is, after embedding opening 14A prepared in 1st insulating- 
layer 12A with the metal wiring material which consists of Cu and completing connection hole 
58A, 2nd insulating-layer 12B is made to deposit on it, and the point which forms slot 14B in this 
2nd insulating-layer 12B is different from an example 1 1. In an example 12, [the process -1 100], 
[a process -1 1 10], and [a process -1 140] of an example 1 1 are same process, and other 
processes differ. Hereafter, the approach of an example 12 is explained with reference to 
drawing 17 . 
[0119] 

On the base 10 which consists of the semi-conductor substrate of [process -1200] -[process - 
1220] Si (100), the component isolation region 30 and the gate field 32 are formed by the usual 
approach. Subsequently, after performing a LDD ion implantation, the gate sidewall 34 is formed 
and an impurity ion implantation is performed for source drain field formation. Then, 1st 
insulating-layer 12A which consists of two-layer [ of Si02 and BPSG ] is formed in the whole 
surface with a CVD method, reflow processing is performed, and flattening of 1st insulating-layer 
12A is performed. Subsequently, activation annealing is performed after making a junction field 
form by forming opening 14A in 1st insulating-layer 12A in the dry etching after regist patterning, 
and performing an ion implantation to it at opening circles. These processes can be made to be 
the same as that of the [process -1 100] of an example 4, [a process -1 1 10], and [a process - 
1 140]. Subsequently, the sidewall (not shown) which consists of SiN may be formed in the side 
attachment wall of opening 14A. 
[0120] [Process -1230] 

1st adhesion layer 52A which consists of Ti/TiN is formed in the whole surface from the bottom 
after [a process -1220] by the same approach as the [process -710] of an example 7. 
Subsequently, by the same approach as the [process -720] of an example 7, 1st Cu layer 54A is 
formed on the whole surface in a spatter, and the 1st metal wiring layer which consists of 1st 
adhesion layer 52A and 1st Cu layer 54A is formed. 

[0121] After that [ [process -1240] ], the 1st metal wiring layer on 1jst insulating-layer 12A is 
removed by the chemical mechanical polish method, and it leaves the 1st metal wiring layer 54A 
and 52A only in opening 14A (refer to (A) of drawing 1 7 ). The conditions of a chemical 
mechanical polish can be made to be the same as that of the chemical mechanical polish of Cu 
layer of the [process -740] of an example 7. Of this, the so-called contact hole 58A by which 
the 1st metal wiring layer was embedded at opening 14A is formed. Instead of the chemical 
mechanical polish method, it may leave the 1st metal wiring layer 54A and 52A only in opening 
14A with the etchback by the dry etching method like an example 8. 

[0122] [Process -1250] Subsequently to the whole surface, 2nd insulating-layer 12B which 
consists of Si02 is formed. 2nd insulating-layer 12B can be formed on the same conditions as 
the [process -1120] of an example 11. Then, slot 14B is formed in 2nd insulating-layer 12B with 
a photolithography technique and a dry etching technique like the [process -1 130] of an example 
1 1. Then, subsequently it can form and be easy to form a SiN layer in the whole surface by the 
plasma-CVD method, to carry out whole surface etchback of the SiN layer, and to have the 
sidewall (not shown) which consists of SiN in the side attachment wall of slot 14B by this if 
needed, like the [process -1150] of an example 11. 

[0123] By the same approach as [a process -1260], next the [process -71 0] of an example 7 
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After forming in a spatter 2nd adhesion layer 52B which consists of Ti with a thickness of 30nm 
on 2nd insulating-layer 12B containing slot 14B, by the same approach as the [process -730] of 
an example 1 The 2nd metal wiring layer which consists of 2nd adhesion layer 52B, 2nd Cu layer 
54B, and the Ag layer 56 is formed by forming 2nd Cu layer 54B on the whole surface in a 
spatter, and forming the Ag layer 56 in a spatter on it further. 

[0124] [Process -1270] Subsequently, by the chemical mechanical polish method, the 2nd metal 
wiring layer 56, 54B, and 52B on 2nd insulating-layer 12B is removed, in slot 14B, it leaves the 
Ag layer 56, Cu layer of ** 2nd 54B, and 2nd adhesion layer 52B, and wiring 58 is formed (refer 
to (B) of drawin g 18 ). The conditions of a chemical mechanical polish can be made to be the 
same as that of the [process -740] of an example 7. 

[0125] In addition, instead of removing the 2nd metal wiring layer 56. 54B, and 52B on 2nd 
insulating-layer 12B by the chemical mechanical polish method Like an example 8, etchback of 
the 2nd metal wiring layer 56, 54B, and 52B is carried out by the dry etching method, by this, it 
can leave the 2nd metal wiring layer 56, 54B, and 52B only in slot 14B, and wiring 58 can also be 
formed in slot 14B. 

[0126] (Example 13) an example 7 - an example 12 — setting — the wiring structure of a 
semiconductor device ■ — the 2nd voice of this invention — it formed by the wiring formation 
approach which starts like. On the other hand, the wiring structure of the semiconductor device 
in an example 13 - an example 15 is formed by the wiring formation approach concerning the 3rd 
mode of this invention. 

[0127] The process which forms a slot 14 in an insulating layer 12 after the wiring formation 
approach of the semiconductor device of an example 13 forms an insulating layer 12 on the (b) 
base 10, The process which forms from the bottom 1st multilayer metal wiring layer 50A which 
consists of the adhesion layer 52 and the Cu layer 54 on the insulating layer 12 including the (b) 
slot 14, The process which removes 1st metal wiring layer 50A on an insulating layer 12, and 
leaves 1st metal wiring layer 50A in a slot 14, (Ha) It consists of the process which forms 2nd 
metal wiring layer 50B which consists of Ag layer on the (d) insulating layer 12 and 1st metal 
wiring layer 50A, and the process which removes 2nd metal wiring layer 50B on the (e) insulating 
layer 12, and leaves 2nd metal wiring layer 50B in a slot 14. 

[0128] The adhesion layer 52, the Cu layer 54, and formation at metal wiring layer 50B to the 
2nd are performed in a spatter. Moreover, removal of 2nd metal wiring layer 50B on the insulating 
layer 12 in the process of (e) changes from the chemical mechanical polish process of the metal 
wiring layer 50 to removal of 1st metal wiring layer 50A on the insulating layer 12 in the process 
of (Ha), and a list. By operating as a stopper the insulating layer 12 which consists of Si02, it 
becomes possible to set up the selection ratio of the 1st [ to a chemical mechanical polish ], and 
2nd metal wiring layers 50A and 50B, and an insulating layer 12 to infinity. 

[0129] In the wiring formation approach concerning the 3rd mode of this invention, the Cu layer 
54 can be covered with 2nd metal wiring layer 50B which consists of Ag layer much more more 
certainly than the wiring formation approach concerning the 2nd mode of this invention. 
[0130] Hereafter, with reference to typical drawing 18 and typical drawing 19 which are sectional 
views a part, such as a semiconductor device, the wiring formation approach of an example 13 is 
explained concretely. 

[0131] The insulating layer 12 which consists of Si02 is formed on the base 10 which consists of 
[a process -1300, for example, a semi-conductor substrate,]. The formation conditions of an 
insulating layer 12 can be made to be the same as that of the [process -100] of an example 1. 
Then, a slot 14 is formed in an insulating layer 12 with a photolithography technique and a dry 
etching technique. In addition, the slot 14 has extended in the direction perpendicular to the 
space of drawing 18 . The conditions of dry etching can be made to be the same as that of the 
[process -110] of an example 1. 

[0132] The adhesion layer 52 which consists of Ti layer 52 A/TiN layer 52B is formed in a 
spatter on the insulating layer 12 including a slot 14 from under [a process -1310] next. The 
adhesion layer 52 can be made to be the same as that of the [process -120] of an example 1. 
[0133] The copper (Cu) layer 54 is formed in the whole surface in a spatter after that [ [process 
-1320] ] (refer to (A) of drawing 18 ). Formation of the Cu layer 54 can be made to be the same 
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3S that of the [process -720] of an example 7. In this way, 1st multilayer metal wiring layer 50A 
which consists of the adhesion layer 52 and the Cu layer 54 can be formed from the bottom on 
the insulating layer 12 including a slot 14. 

[0134] By [a process -1330], next the chemical mechanical polish method, the Cu layer 54 and 
the adhesion layer 52 on an insulating layer 12 are ground chemically and mechanically, and are 
removed, and it leaves 1st metal wiring layer 50A which consists of the Cu layer 54 and the 
adhesion layer 52 in a slot 14 (refer to (B) of drawing 18 ). The polish equipment shown in 
drawing 4 is used for a chemical mechanical polish. The conditions of a chemical mechanical 
polish can be made to be the same as that of an example 13. K4Fe(CN)6+H20 is used for 
removal by the chemical mechanical polish method of the Cu layer 54 and the adhesion layer 52. 
[0135] 2nd metal wiring layer 50B which consists of a silver (Ag) layer is formed in the whole 
surface in a spatter after that [ [process -1 340] ] (refer to (A) of drawing 19 ). Formation of Ag 
layer can be made to be the same as that of the [process -730] of an example 13. In this way, 
the front face of 1st metal wiring layer 50A is covered with 2nd metal wiring layer 50B which 
consists of Ag layer. 

[0136] By [a process -1350], next the chemical mechanical polish method, 2nd metal wiring layer 
50B which consists of Ag layer on an insulating layer 12 is ground chemically and mechanically, 
and is removed, it leaves 2nd metal wiring layer 50B which consists of Ag layer in a slot 14, and 
wiring which consists of the 1st and 2nd metal wiring layers 50A and 50B is formed (refer to (B) 
of drawing 19 ). The conditions of a chemical mechanical polish can be made to be the same as 
that of an example 13. In addition, the mixed water solution of I2+KI is used for removal by the 
chemical mechanical polish method of Ag layer. 

[0137] In an example 13, like the conventional wiring formation approach, regist-patterning 
processing and dry etching processing of a metal wiring layer become unnecessary, and the 
problem of dispersion of the light at the time of regist patterning and the problem from which 
etching becomes uneven can be avoided. Moreover, formation of the insulator layer on wiring and 
flattening processing of this insulator layer are also unnecessary. Moreover, since the front face 
of 1st metal wiring layer 50A is covered with 2nd metal wiring layer 50B much more certainly, 
oxidation of the Cu layer 54 which constitutes 1st metal wiring layer 50A can be prevented. 
[0138] In an example 13, although 1st metal wiring layer 50A and 2nd metal wiring layer 50B were 
chiefly removed by the chemical mechanical polish method, it is also removable like an example 8 
with the etchback by the dry etching method. 

[0139] Moreover, formation of the sidewall explained in the wiring formation approach, and the 
example 9 or example 10 of the semiconductor device concerning the 3rd mode of this invention 
explained in the example 13 is also combinable. Furthermore, the wiring formation approach 
explained in the example 13 is also applicable instead of the Ag layer 56 in an example 11 or an 
example 12. 

[0140] (Example 14) Only the flow of the process in the case of applying the wiring formation 
approach explained in the example 13 instead of the Ag layer 56 in an example 11 is explained 
below. In addition, it is also removable by carrying out etchback by the dry etching method like 
an example 8 instead of removing the 1st arid/or 2nd metal wiring layer by the chemical 
mechanical polish method. 

[0141] Formation of the component isolation region to a [process -1400] base top, and a gate 
field. LDD ion implantation. Formation of a gate sidewall. The impurity ion implantation for source 
drain field formation. 

[Process -1410] Formation and reflow processing of the 1st of an insulating layer which consist 
of two-layer [ of Si02 and BPSG ]. 

[Process -1420] Formation of the 2nd insulating layer which consists of Si02 to a 1st insulating- 
layer top. 

Formation of the slot to the 2nd insulating layer of [a process -1430]. 
Formation of opening to the 1st insulating layer of [a process -1440]. 

Formation by the spatter to a 2nd insulating-layer top including opening and the slot of an 
adhesion layer which consist of a [process -1450] Ti layer / TiN layer. 
Formation of Cu layer by the spatter to a [process -1460] adhesion layer top. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



2004/12/01 



17/19 ^— : 



.Removal of Cu layer on the 2nd insulating layer by the [process -1470] chemical mechanical 
polish. 

Formation of the 2nd metal wiring layer which changes from Ag layer by the spatter to the whole 
[process -1470] surface. 

Removal of the 2nd metal wiring layer on the 2nd insulating layer by the [process -1 480] 
chemical mechanical polish method. 

[0142] (Example 15) Only the flow of the process in the case of applying the wiring formation 
approach explained in the example 13 instead of the Ag layer 56 in an example 12 is explained 
below. In addition, it is also removable by carrying out etchback by the dry etching method like 
an example 8 instead of removing the 1st and/or 2nd metal wiring layer by the chemical 
mechanical polish method. 

[0143] Formation of the component isolation region to a [process -1500] base top, and a gate 
field. LDD ion implantation. Formation of a gate sidewall. The impurity ion implantation for source 
drain field formation. 

[Process -1510] Formation and reflow processing of the 1st of an insulating layer which consist 
of two-layer [ of Si02 and BPSG ]. 

Formation of opening to the 1st insulating layer of [a process -1520]. 

[Process -1530] Formation by the spatter of the 1st metal wiring layer which consists of the 1st 
adhesion layer to a 1st insulating-layer top, and 1st Cu layer. 

Removal of the 1st metal wiring layer on the 1st insulating layer by the [process -1540] chemical 
mechanical polish method. By this, the so-called contact hole where the 1st metal wiring layer 
was embedded at opening is formed. 

Formation of the 2nd insulating layer which consists of Si02 all over [a process -1550]. 
Formation of the slot to the 2nd insulating layer. 

[Process -1560] Formation by the spatter of the 2nd adhesion layer to a 2nd insulating-layer 
top, and Cu layer. 

Removal of Cu layer on the 2nd insulating layer by the [process -1570] chemical mechanical 
polish, and the 2nd adhesion layer. 

Formation of the 2nd metal wiring layer which changes from Ag layer by the spatter to the whole 
[process -1580] surface. 

Removal of the 2nd metal wiring layer on the 2nd insulating layer by the [process -1590] 
chemical mechanical polish method. 

[0144] As mentioned above, although this invention was explained based on the desirable 
example, this invention is not limited to these examples. The various ingredients and the 
conditions of having used in the example are instantiation, and can be changed suitably. 
Depending on the case, opening can be formed instead of Slots 14 and 14B. 
[0145] Although the insulating layer was explained as what consists of the combination of Si02 
or Si02, and BPSG chiefly, it can constitute from what carried out the laminating of well-known 
insulating materials, such as BPSG, PSG and BSG, AsSG, PbSG, SbSG, SOG, SiON, or SiN, or 
these insulating layers to instead of [ these ]. 

[0146] In an example 1 - an example 6, although formation of the Ag layer 20 was performed by 
the chemistry gaseous-phase depositing method for having used Ag2C03 as a raw material 
instead, it can be performed by the chemistry gaseous-phase depositing method using AgN02, 
AgBr, or Agl as a raw material. The CVD conditions in these cases and the heating conditions of 
the material gas which flows the inside of piping 204 and the CVD chamber induction 208 at the 
1st and 2nd heaters 206,210 in the CVD system shown in drawing 3 are illustrated and combined 
with below, and a reaction formula is shown. 

[0147] raw material: — source temperature of AgN02 raw material 450-degreeC gas heating 
condition: — more than 140-degreeC — reaction-formula : 2AgN02+7H2- 
>2Ag+2NH3**+4H20** : 150-degreeC use gas : AgN02/Ar/H2=1 0/25/1 OOOsccm pressure : 
2.6xT03Pa substrate heating temperature : [0148] Raw material: Source temperature of an AgBr 
raw material : 450-degreeC use gas : AgBr/Ar/H2=10/75 / 1 0OOsccm pressure : 2.6x1 03Pa 
substrate heating temperature: 500-degreeC gas heating conditions: It is power more than 434- 
degreeC. : 500W (plasma CVD) 
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. Reaction formula : 2 AgB r+H 2-> 2 Ag+2 H B r** [0149] Raw material: Source temperature of an Agl 
raw material : 560-degreeC use gas : Agl/Ar/H2=10/100 / 1000sccm pressure : 2.6x1 03Pa 
substrate heating temperature: 600-degreeC gas heating conditions: It is power more than 552- 
degreeC. : 500W (plasma CVD) 

Reaction formula : 2AgI+H2->2Ag+2HI** [0150] In an example 7 - an example 15, it can form 
with a CVD method instead of forming Cu layer and/or Ag layer in a spatter. The formation 
conditions of Cu layer by the CVD method are illustrated below. 

Gas used : Cu (HFA)2/H2=10 / 1000sccm pressure : 2.6x1 03Pa substrate heating temperature: 
350-degreeC power : It is the abbreviation for hexafluoro acetylacetonate in 500W, in addition 
HFA. 

[0151] An adhesion layer can also consist of a Ti layer or a TiN layer instead of Ti layer / TiN 
layer. The formation conditions of the Ti layer or the TiN layer in this case can be made to be 
the same as that of the formation conditions of Ti layer 18A explained at the [process -120] of 
an example 1, and TiN layer 18B. Or an adhesion layer can also be made into the two-layer 
structure of Ag layer / Ti layer from the bottom again. In this case, Ag layer can be formed in 
the spatter of the following conditions. Moreover, the formation conditions of Ti layer can be 
made to be the same as that of the formation conditions of Ti layer 1 8A explained at the 
[process -120] of an example 1. 

Spatter condition use gas of Ag layer : Ar=100sccm power : 4kW pressure : 0.47Pa membrane 
formation temperature : 200-degreeC thickness : 50nm [0152] TiON and TiW can also be used 
instead of TiN which constitutes an adhesion layer. Moreover, by the case, the sequence of 
formation of a slot, formation of a sidewall, and formation of an adhesion layer can be changed, 
and it can also consider as the order of formation of a slot/formation of an adhesion layer, and 
formation of a sidewall. Moreover, the metal layer or metallic-compounds layer which constitutes 
adhesion layers, such as Ti and TiN, can be formed by the forming-membranes methods, such as 
CVD. 

[0153] The silicon layer formed on the various substrates for producing the various component 
sections, such as an insulating layer in which the MgO substrate, the GaAs substrate, 
superconducting transistor substrate, and lower layer wiring layer other than a silicon semi- 
conductor substrate or the semi-conductor substrate with which the source drain field was 
formed were formed as a base, and a gate electrode which needs to form a connection hole ( a 
contact hole, a beer hall, through hole), and needs to form electrical installation, and a thin film 
transistor can be mentioned. 

[0154] In an example 6, although the tungsten plug was formed in opening 14A using the so- 
called blanket tungsten CVD method, a tungsten plug may be instead formed in opening 14A with 
the so-called tungsten selection CVD method. The conditions in this case can be carried out as 
follows. Gas used :WF6/SiH4/H2/Ar=1 0/7/1 000/10 seem ** Whenever : 260-degreeC ** 
Force : 26Pa [0155] This invention is applicable to other semiconductor devices other than an 
MOS semiconductor device (for example, a bipolar transistor, CCD). 
[0156] Various kinds of sputtering systems, such as a magnetron sputtering system, DC 
sputtering system, RF sputtering system, an ECR sputtering system, and a bias sputtering 
system that impresses substrate bias, can perform a spatter. 

[0157] In the wiring structure concerning the 1st mode of this invention under Ag layer again the 
2nd voice of this invention — the wiring structure which starts like — setting — the bottom of 
Cu layer — or — again — the wiring layer or connection hole under an adhesion layer — 
refractory metals, such as Mo and Ti, — Or a monolayer or various combination ******** can 
be formed for the silicide of TiW, ZrN, W, WC, TiC, other MoSi2 and WSi2, and TiSi2 grade etc. 
[0158] 

[Effect of the Invention] In this invention, the patterning process of the metal wiring layer by the 
photolithography technique and dry etching technique for forming wiring is unnecessary. 
Therefore, the scattered reflection of the light in the conventional photolithography technique, or 
the heterogeneity of etching and the problem of a corrosion in dry etching is avoidable. 
[0159] Moreover, in production of a semiconductor device which has detailed wiring, flattening 
with a perfect insulating layer including wiring becomes possible, without performing formation of 
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the insulator layer formed on wiring like before, or polish of this insulator layer, since the 
conventional Si02 system insulator layer was deficient in the selectivity in polish, the 
controllability of polish was scarce, but since the selectivity over an insulating layer is large, the 
controllability of polish is also boiled markedly and polish's of a metal wiring layer improves. 
[0160] Furthermore, in order to leave a metal wiring layer only to a slot or opening circles, by 
adopting the etchback by the chemical mechanical polish method or the dry etching method, a 
Prior art can be used as it is fundamentally, and the manufacturing cost of a semiconductor 
device does not increase. 

[0161] In addition, by forming a sidewall in a slot or opening circles, oxidation of a metal wiring 
layer can be prevented, moreover, by the metal wiring layer, it is stabilized and a slot or opening 
can be embedded. 

[0162] In the wiring structure and the wiring formation approach concerning the 1st mode of this 
invention, since wiring structure is constituted from an Ag layer which has electromigration- 
proof nature from aluminum system alloy, the dependability of a semiconductor device improves 
conventionally. Furthermore, since resistance is lower than aluminum system alloy, Ag can 
expect the response speed of a semiconductor device. 

[0163] In the wiring formation approach which starts the wiring structure concerning the 2nd 
mode of this invention, and a list at the 2nd and 3rd modes, since a metal wiring layer is 
constituted from a Cu layer which has electromigration-proof nature from aluminum system 
alloy, the dependability of a semiconductor device improves conventionally. Moreover, since the 
front face of Cu layer is covered with Ag layer, while preventing oxidation of Cu layer, wiring 
resistance can be kept low with the low resistance of Ag. Although Cu had the need for process 
limitation on problems, such as oxidation, conventionally, it becomes possible to use processes, 
such as heat treatment of an oxygen ambient atmosphere. 

[0164] By the silver thin film formation approach of this invention, CVD of Ag becomes possible 
and the perfect embedding of Ag to a slot or opening becomes possible. 

[0165] Furthermore, in the CVD system of this invention, since the source charging line to a 
CVD chamber and the connection of a CVD chamber can be held to high temperature, it is 
stabilized and material gas can be supplied. 
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. * NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

t 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 

[Industrial Application] This invention relates to the CVD system suitable for formation of the 
wiring structure concerning the wiring structure of a semiconductor device where Ag (silver) was 
used as a wiring material and the wiring formation approach, the silver thin film formation 
approach, and a list, and the chemical mechanical polish method. 
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PRIOR ART 



[Description of the Prior Art] With high integration of a semiconductor device, the dimension 
Ruhr of the manufacture process of a semiconductor device makes it detailed, and is also making 
detailed wiring width of face in a semiconductor device in connection with this. Pure aluminium 
or an aluminium alloy (hereafter, these are named generically and it is also called aluminum 
system alloy) is mainly used as current and a wiring material. And after, forming the metal wiring 
layer which consists of aluminum system alloy by the so-called elevated-temperature aluminum 
spatter method for example, on the substrate which consists of an insulating layer, this metal 
wiring layer is made into a desired pattern configuration with a photolithography technique and 
an etching technique. Of this, wiring which consists of aluminum system alloy is formed. Then, an 
insulator layer is formed on wiring and flattening processing of this insulator layer is performed. 
[0003] In order to form a resist pattern with a photolithography technique on a metal wiring 
layer, it is necessary to stop the scattered reflection of the light by the metal wiring layer at the 
time of exposure. When the scattered reflection of light is not stopped at the time of exposure, 
halation arises under the effect of the scattered reflection of light, and the defect of the stage 
piece of a resist etc. arises in the formed resist pattern. Therefore, regist patterning is 
performed after usually forming the antireflection film which consists of TiON on a metal wiring 
layer. 

[0004] Hereafter, the example of a manufacture process of the conventional semiconductor 
device based on the elevated-temperature aluminum spatter method and the flattening approach 
by polish is explained with reference to drawing 20 , drawing 21 , and drawing 22 . 
[0005] The component isolation region 102 and the gate field 104 are formed in the base 100 
which consists of a [process -10] semi-conductor substrate. Then, a LDD ion implantation is 
performed, the gate sidewall 106 is formed, an ion implantation is performed and the source drain 
field 1 08 is formed (refer to (A) of drawing 20 ). 

[0006] The layer insulation layer 1 12 is formed all over after that [ [process -20] ], and, 
subsequently to the layer insulation layer 112, opening 114 is formed (refer to (B) of drawing 
20 ). 

[0007] After forming the adhesion layer 1 16 which consists of Ti/TiN/Ti all over [a process -30], 
next the layer insulation layer 112 which contains opening 114 in a spatter, the metal wiring layer 
118 which consists of aluminum system alloy (for example, aluminum-1 wt%Si) by the elevated- 
temperature aluminum spatter method is made to deposit on the whole surface. Then, the 
antireflection film 120 which consists of TiON is formed in the whole surface. And wiring is 
formed by carrying put patterning of an antireflection film 120, the metal wiring layer 1 18, and 
the adhesion layer 116 with a photolithography technique and a dry etching technique (refer to 
(C) of drawing 20 ). 

[0008] [Process -40] Subsequently flattening processing by polish is performed. That is, the 1st 
insulator layer 122 which consists of Si02 by the plasma-CVD method all over the layer 
insulation layer 112 including wiring is formed, the stopper layer 124 which consists of SiN by the 
plasma-CVD method on it is formed, and the 2nd insulator layer 126 which consists of thick 
Si02 is further formed with a CVD method on it (refer to (A) of drawing 21 ). 
[0009] The 2nd insulator layer 126 is ground from the upper part after that [ [process -50] ]. 
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And itgrinds until the stopper layer 124 appears as a polished surface (refer to (B) of drawin g 
21 ). In this way, the 1st insulator layer 122 by which flattening was carried out is formed after 
wiring. 

[0010] Or the insulator layer by which flattening processing was carried out can also be formed 
at the following processes again instead of [the process -40] and [the process -50] using the 
stopper layer 124 which consists of SiN. 

[0011] The insulator layer 130 which consists of Si02 by the [process-40'] plasma-CVD method 
is formed. 

[0012] After that [ [process-50'] ], a resist 132 is formed on an insulator layer 130, and 
patterning of the resist 132 is carried out so that the heights of an insulator layer 130 may be 
exposed (refer to (A) of drawing 22 ). 

[0013] A resist 132 is removed after etching [process-60'1 next the heights of an insulator layer 
1 30 (refer to (B) of drawing 22 ). 

[0014] a part of insulator layer 130 which remained after that [ [process-70'] ], without being 
etched — 130A is ground and flattening of an insulator layer 130 is performed. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] In this invention, the patterning process of the metal wiring layer by the 
photolithography technique and dry etching technique for forming wiring is unnecessary. 
Therefore, the scattered reflection of the light in the conventional photolithography technique, or 
the heterogeneity of etching and the problem of a corrosion in dry etching is avoidable. 
[01 59] Moreover, in production of a semiconductor device which has detailed wirinjg, flattening 
with a perfect insulating layer including wiring becomes possible, without performing formation of 
the insulator layer formed on wiring like before, or polish of this insulator layer, since the 
conventional Si02 system insulator layer was deficient in the selectivity in polish, the 
controllability of pplish was scarce, but since the selectivity over an insulating layer is large, the 
controllability of polish is also boiled markedly and polish's of a metal wiring layer improves. 
[01 60] Furthermore, in order to leave a metal wiring layer only to a slot or opening circles, by 
adopting the etchback by the chemical mechanical polish method or the dry etching method, a 
Prior art can be used as it is fundamentally, and the manufacturing cost of a semiconductor 
device does not increase. 

[0161] In addition, by forming a sidewall in a slot or opening circles, oxidation of a metal wiring 
layer can be prevented, moreover, by the metal wiring layer, it is stabilized and a slot or opening 
can be embedded. 

[0162] In the wiring structure and the wiring formation approach concerning the 1st mode of this 
invention, since wiring structure is constituted from an Ag layer which has electromigration- 
proof nature from aluminum system alloy, the dependability of a semiconductor device improves 
conventionally. Furthermore, since resistance is lower than aluminum system alloy, Ag can 
expect the response speed of a semiconductor device. 

[0163] In the wiring formation approach which starts the wiring structure concerning the 2nd 
mode of this invention, and a list at the 2nd and 3rd modes, since a metal wiring layer is 
constituted from a Cu layer which has electromigration-proof nature from aluminum system 
alloy, the dependability of a semiconductor device improves conventionally. Moreover, since the 
front face of Cu layer is covered with Ag layer, while preventing oxidation of Cu layer, wiring 
resistance can be kept low with the low resistance of Ag. Although Cu had the need for process 
limitation on problems, such as oxidation, conventionally, it becomes possible to use processes, 
such as heat treatment of an oxygen ambient atmosphere. 

[0164] By the silver thin film formation approach of this invention, CVD of Ag becomes possible 
and the perfect embedding of Ag to a slot or opening becomes possible. 
[0165] Furthermore, in the CVD system of this invention, since the source charging line to a 
CVD chamber and the connection of a CVD chamber can be held to high temperature, it is 
stabilized and material gas can be supplied. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] If wiring makes it detailed, it will become difficult to 
form the wiring width of face made into the purpose with a sufficient controllability. In response 
to the effect of the irregularity of the layer insulation layer 112 which is a substrate, irregularity 
arises in the front face of the metal wiring layer 118. Moreover, it is easy to be ruined when the 
metal wiring layer 1 18 which consists of aluminum system alloy is formed by the elevated- 
temperature aluminum spatter method etc. (that is, irregularity is easy to be formed). It 
originates in these and the coverage of the antireflection film 120 in the crevice of the metal 
wiring layer 1 1 8 falls (for example, refer to (C) of drawing 20 ). In order for the reflection factor 
of the light in the part to fall, the scattered reflection of light arises, and it becomes impossible 
consequently, to form the target patterning configuration to the metal wiring layer 118 under the 
effect of halation etc. as a result. 

[0016] Moreover, the wiring structure after regist patterning is the 120/metal wiring layer 1 18 of 
antireflection films which consists of a top to TiON. Dry etching performs patterning of the metal 
wiring layer 1 18 after regist patterning. In this case, BCI3 system gas is usually used as etching 
gas. However, etching by BCI3 system gas is only a chemical reaction, and it is impossible to 
etch the antireflection film 120 which consists of TiON by BCI3 system gas. So, it is necessary 
to etch the antireflection film 120 in a physical spatter operation. 

[0017] Therefore, in case the metal wiring layer 118 which consists of aluminum system alloy is 
etched, it is necessary to change into chemical etching conditions from the etching conditions 
which have a spatter operation. However, when the thickness of the 120/metal wiring layer 1 18 
of antireflection film is uneven, these etching serves as an ununiformity by modification of such 
etching conditions. 

[0018] Furthermore, the approach explained at [the process -40] and [the process -50] using 
the stopper layer 124 which consists of SiN has the following troubles. That is, although the 
stopper layer 124 is used in case the 2nd insulator layer 126 which consists of Si02 is ground, 
the selection ratio to polish of Si02 and SiN is obtained three to about six. Therefore, it does 
not function as a stopper so that the stopper layer 124 which consists of SiN may perform the 
terminal point judging of polish, but the 1st insulator layer 122 may be ground too much. Namely, < 
the 2nd insulator layer 126 cannot be ground with a sufficient controllability. Consequently, it has 
the problem that perfect flattening of the 1st insulator layer 122 cannot be attained. 
[0019] And if spacing of wiring is thin in case between wiring is embedded by the 1st insulator 
layer 122 which consists of Si02 or SOG with a CVD method etc., the embedding of the 1st 
insulator layer 122 becomes inadequate, and it also has the problem that "** (void)" 122A 
occurs in the 1st insulator layer 122 during wiring (refer to drawin g 23 ). 
[0020] on the other hand — SiN — from — changing — a stopper — a layer — 124 — not 
using — [ — a process - 40 — ' — ] - [ — a process - 70 — ' — ] — having explained — an 
approach — also setting — an insulator layer — 130 — polish — the time — an insulator layer 
— 130 — polish — a terminal point — a judgment — carrying out — **** . For this reason, it 
has the problem of grinding an insulator layer 130 too much. 

[0021] Thus, in manufacture of a detailed semiconductor device, after forming wiring, the 
conventional approach of forming a flat insulator layer on it has the above various troubles, and 
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there js still no approach for solving these troubles effectively. 

[0022] In the above-mentioned process, aluminum system alloy is used as a wiring material. In 
the metal wiring layer 1 18 which consists of aluminum system alloy, electromigration is a big 
problem. Moreover, at the time of the dry etching of the metal wiring layer 1 18, by the corrosion 
of a metal wiring layer, a void occurs in a metal wiring layer and the dependability fall of wiring is 
caused. As a result of the aluminum particle in the metal wiring layer 1 1 8 moving when a current 
is passed to wiring as detailed wiring-ization progresses especially, current concentration arises 
in the minute chip void generated in the metal wiring layer. Therefore, it was missing with 
electromigration and much more dependability fall of wiring is caused by compound operation of 
a void. 

[0023] Using copper (Cu) as a wiring material as a way stage which solves this problem is 
proposed. However, there is no suitable etching approach of Cu and it has various problems — 
that the workability of Cu is not good, and heat treatment in the furnace which contains oxygen 
several% that it is very easy to oxidize cannot be performed. The problem of workability forms a 
slot in an insulating layer, and after making Cu deposit on an insulating layer including this slot, it 
can avoid it by grinding Cu on an insulating layer chemically and mechanically by the chemical 
mechanical polish method. However, an effective means to prevent oxidation of the front face of 
Cu embedded in the slot is hot known. 

[0024] Therefore, the 1st purpose of this invention does not need to perform the patterning 
process of the metal wiring layer by the photolithography technique and dry etching technique 
for forming wiring, and the insulating layer which includes wiring, without grinding the insulator 
layer formed on wiring like before — completeness — it is in offering the wiring structure and 
the wiring formation approach of a new semiconductor device which make flattening possible and 
can solve the trouble at the time of using aluminum system alloy and Cu as a wiring material 
further. 

[0025] The 2nd purpose of this invention is to offer the new silver thin film formation approach. 
Furthermore, the 3rd purpose of this invention is to provide the CVD system list suitable for 
application to this wiring structure and the wiring formation approach with the chemical 
mechanical polish method. 
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MEANS 



[Means for Solving the Problem] the 1st voice of this invention for attaining the 1st above- 
mentioned purpose — the multilayer metal wiring layer which consists of the adhesion layer from 
the bottom and Ag layer by which the wiring structure of the semiconductor device applied like 
was formed in the slot or opening formed in the insulating layer on a (b) base, a (b) slot, or 
opening circles — since — it is characterized by being constituted. 

[0027] In the wiring structure of the semiconductor device concerning the 1st mode of this 
invention, an adhesion layer can consist of twoHayer structure of the bottom to Ti layer, a TiN 
layer, and a Ti layer / TiN layer, or two-layer structure of the bottom to Ag layer / Ti layer. 
Moreover, in order to prevent oxidation of a metal wiring layer on the side attachment wall of a 
slot or opening, the sidewall which consists of SiN may be formed. 

[0028] The wiring formation approach of the semiconductor device concerning the 1st mode of 
this invention for attaining the 1st above-mentioned purpose The process which forms a slot or 
opening in an insulating layer after forming an insulating layer on a (b) base, (**) — the process 
which forms from the bottom the multilayer metal wiring layer which consists of an adhesion 
layer and Ag layer on the insulating layer containing a slot or opening circles, and the process 
which removes the metal wiring layer on an insulating layer (Ha), and leaves a metal wiring layer 
to a slot or opening circles — since — it is characterized by changing. 

[0029] the 1st voice of this invention — the wiring formation approach of the semiconductor 
device applied like — setting — formation of Ag layer — Ag2 — it can carry out by the 
chemistry gaseous-phase depositing method using C03, AgN02, AgBr, or Agl as a raw material. 
Removal of the metal wiring layer on the insulating layer in the process of (Ha) can consist of a 
chemical mechanical polish process of a metal wiring layer, or an etchback process of a metal 
wiring layer, the chemical mechanical polish method — setting — the mixed water solution of 12 
and KI — using — the chemical mechanical polish of Ag layer — it can carry out. 
[0030] Moreover, an adhesion layer can consist of two-layer structure of the bottom to Ti layer, 
a TiN layer, and a Ti layer / TiN layer, or two-layer structure of the bottom to Ag layer / Ti 
layer. The process which forms the sidewall which changes from SiN to the side attachment wall 
of a slot or opening after the process of (b) can be included further. 

[0031] the 2nd voice of this invention for attaining the 1st above-mentioned purpose — the 
multilayer metal wiring layer which consists of the adhesion layer from the bottom by which the 
wiring structure of the semiconductor device applied like was formed in the slot or opening 
formed in the insulating layer on a (b) base, a (b) slot, or opening circles, Cu layer, and Ag layer - 
- since — it is characterized by being constituted. 

[0032] In the wiring structure of the semiconductor device concerning the 2nd mode of this 
invention, an adhesion layer can consist of two-layer structure of the bottom to Ti layer, a TiN 
layer, and a Ti layer / TiN layer, or two-layer structure of the bottom to Ag layer / Ti layer. 
Moreover, SiN or the sidewall which consists of Ag again may be formed in the side attachment 
wall of a slot or opening. 

[0033] The wiring formation approach of the semiconductor device concerning the 2nd mode of 
this invention for attaining the 1st above-mentioned purpose The process which forms a slot or 
opening in an insulating layer after forming an insulating layer on a (b) base, (**) — the process 
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. which forms from the bottom the multilayer metal wiring layer which consists of an adhesion 
layer, Cu layer, and Ag layer on the insulating layer containing a slot or opening circles, and the 
process which removes the metal wiring layer on an insulating layer (Ha), and leaves a metal 
wiring layer to a slot or opening circles — since — it is characterized by changing. 
[0034] In the wiring formation approach of the semiconductor device concerning the 2nd mode of 
this invention, removal of the metal wiring layer on the insulating layer in the process of (Ha) can 
consist of chemical mechanical polish processes of a metal wiring layer. In this case, removal of 
Ag layer by the chemical mechanical polish is performed using the mixed water solution of 12 and 
KI. Or removal of the metal wiring layer on the insulating layer in the process of (Ha) can consist 
of etchback processes of a metal wiring layer again. 

[0035] The wiring formation approach of the semiconductor device concerning the 3rd mode of 
this invention for attaining the 1st above-mentioned purpose The process which forms a slot or 
opening in an insulating layer after forming an insulating layer on a (b) base, The process which 
forms from the bottom the 1st multilayer metal wiring layer which consists of an adhesion layer 
and Cu layer on the insulating layer containing a (b) slot or opening circles, The process which 
removes the 1st metal wiring layer on an insulating layer, and leaves the 1st metal wiring layer to 
a slot or opening circles, (Ha) the process which forms the 2nd metal wiring layer which consists 
of Ag layer on a (d) insulating layer and the 1st metal wiring layer, and the process which 
removes the 2nd metal wiring layer on a (e) insulating layer, and leaves the 2nd metal wiring layer 
to a slot or opening circles — since — it is characterized by changing. 

[0036] the 3rd voice of this invention — in the wiring formation approach of the semiconductor 
device applied like, removal of the 1st metal wiring layer on the insulating layer in the process of 
(Ha) or removal of the 2nd metal wiring layer on the insulating layer in the process of (e) can 
consist of chemical mechanical polish processes. In this case, removal of Ag layer by the 
chemical mechanical polish is performed using the mixed water solution of 12 and KI. Or removal 
of the 1st metal wiring layer on the insulating layer in the process of (Ha) or removal of the 2nd 
metal wiring layer on the insulating layer in the process of (e) can consist of etchback processes 
again. 

[0037] In the wiring formation approach of the semiconductor device concerning the 2nd or 3rd 
mode of this invention, an adhesion layer can consist of two-layer structure of the bottom to Ti 
layer, a TiN layer, and a Ti layer / TiN layer, or two-layer structure of the bottom to Ag layer / 
Ti layer. Moreover, the process which forms the sidewall which changes from SiN or Ag to the 
side attachment wall of a slot or opening after the process of (b) can be included further. 
[0038] The formation approach of the silver thin film for attaining the 2nd above-mentioned 
purpose is characterized by depending Ag2C03 on the chemistry gaseous-phase depositing 
method used as a raw material. Or it is characterized by being based on the chemistry gaseous- 
phase depositing method using AgN02 as a raw material again. Furthermore, it is characterized 
by being based on the chemistry gaseous-phase depositing method using AgBr as a raw material. 
Furthermore, it is characterized by being based on the chemistry gaseous-phase depositing 
method using Agl as a raw material. These raw materials are gasified and it uses as CVD gas 
using carrier gas, such as inert gas. 

[0039] The CVD system of this invention for attaining the 3rd above-mentioned purpose is 
equipped with piping which connects the source of a raw material, a CVD chamber, and the 
source of a raw material and a CVD chamber. And it is characterized by having the 1st heater 
which heats piping more than the boiling point of a raw material, and the 2nd heater which heats 
the CVD chamber induction for introducing a raw material into a CVD chamber more than the 
boiling point of a raw material. The 2nd heater can be used as lamp heating apparatus. 
[0040] The chemical mechanical polish method for attaining the 3rd above-mentioned purpose is 
characterized by grinding a silver thin film chemically and mechanically using the mixed water 
solution of 12 and KI. 
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OPERATION 



[Function] The metal wiring layer is formed in a slot or opening circles in this invention Such a 
metal wiring layer of a gestalt removes the metal wiring layer on an insulating layer, and since it 
is formed by leaving a metal wiring layer to a slot or opening circles, it does not need to perform 
patterning of the metal wiring layer formed on the insulating layer by the photolithography 
technique and the dry etching technique like the conventional technique. Moreover, since 
flattening processing by removal of the metal wiring layer on an insulating layer is performed it is 
not necessary to perform flattening processing of the insulator layer formed on wiring like a Prior 
art. 

[0042] Ag cannot oxidize easily due to elevated-temperature heat treatment. Although Ag also 
oxidizes, it decomposes into AgO->Ag+0 at the temperature more than 100-degreeC. For this 
reason, AgO is not stable at the temperature of hundreds of degreeC, and the oxide of Ag is not 
maintained. Moreover, since a metal wiring layer is constituted from Ag, the problem of 
electromigration like aluminum system alloy is not generated. Therefore, stable wiring can be 
formed in the wiring structure or the wiring formation approach concerning the 1st mode of this 
invention. 

[0043] In the wiring formation approach concerning the wiring structure or the 2nd or 3rd mode 
concerning the 2nd mode of this invention, since a metal wiring layer is constituted from an Ag 
layer and a Cu layer, the problem of electromigration like aluminum system alloy is not 
generated. And since the front face of Cu layer is covered with Ag layer, oxidation of Cu layer 
can be prevented. 

[0044] Hereafter, with reference to a drawing, this invention is explained based on an example. In 
addition, in an example 1 - an example 6, the wiring formation approach concerning the wiring 
structure and the 1st mode of a semiconductor device concerning the 1st mode of this invention 
is explained. Moreover, in an example 7 - an example 12, the wiring formation approach 
concerning the wiring structure and the 2nd mode of a semiconductor device concerning the 2nd 
mode of this invention is explained. Furthermore, in an example 13 - an example 15, the wiring 
formation approach concerning the wiring structure and the 3rd mode of a semiconductor device 
concerning the 2nd mode of this invention is explained. 

[0045] (Example 1) an example 1 - an example 6 — the 1st voice of this invention — the wiring 
structure of the semiconductor device applied like, and the 1st voice — it is related with the 
wiring formation approach which starts like. The wiring structure of an example 1 changes from 
the multilayer metal wiring layer 22 formed in the slot 14 where a semiconductor device is 
typical, and which was formed in the insulating layer 12 on a base 10, and the slot 14 to drawing 
1 so that a sectional view may be shown in part. The metal wiring layer 22 consists of an 
adhesion layer 16 and an Ag layer 20 from the bottom. The adhesion layer 16 is the two-layer 
structure of Ti layer 18 A/TiN layer 18B from the bottom. 

[0046] the wiring formation approach of an example 1 — (**) — the process which forms a slot 
14 man insulating layer 12 after forming an insulating layer 12 on a base 10, and (**) — it 
consists of the process which forms from the bottom the multilayer metal wiring layer 22 which 
consists of the adhesion layer 16 and the Ag layer 20, and the process which remove the metal 
wiring layer 22 on an insulating layer (Ha) 12, and leave the metal wiring layer 22 in a slot 14 on 
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. an insulating layer 12 including the inside of a slot 14. Formation of the Ag layer 20 is based on 
the chemistry gaseous-phase depositing method for having used Ag2C03 as a raw material. 
Moreover, removal of the metal wiring layer 22 on the insulating layer 12 in the process of (Ha) 
consists of the chemical mechanical polish process of the metal wiring layer 22 of having used 
the mixed water solution of 12 and KI. By operating as a stopper the insulating layer 1 2 which 
consists of Si02, it becomes possible to set up the selection ratio of the metal wiring layer 22 
and insulating layer 12 to a chemical mechanical polish to infinity. 

[0047] Hereafter, with reference to typical drawing 2 which is sectional views a part, such as a 
semiconductor device, the wiring formation approach of an example 1 is explained concretely. 
[0048] The insulating layer 12 which consists of Si02 is formed on the base 10 which consists of 
[a process -100, for example, a semi-conductor substrate,]. The formation conditions of an 
insulating layer 12 can be carried out as follows. 

Gas used : SiH4/O2/N2=250/250 / 100sccm substrate heating temperature: 420-degreeC 
pressure : 13.3Pa thickness : 0.8 micrometers [0049] A slot 14 is formed in an insulating layer 12 
with a photolithography technique and a dry etching technique after that [ [process -110]] 
(refer to (A) of drawing 2 ). In addition, the slot 14 has extended in the direction perpendicular to 
the space of drawing 2 . The conditions of dry etching can be carried out as follows. 
Gas used : C4F8=50sccmRF power : 1200W pressure : 2Pa [0050] The adhesion layer 16 which 
consists of Ti layer 18 A/TiN layer 18B is formed in a spatter on the insulating layer 12 including 
a slot 14 from under [a process -120] next (refer to (B) of drawing 2 ). The adhesion layer 16 
can be formed on condition that the following. 

Formation use gas 150 degreeC thickness of Ti layer 18A : Ar=100sccm power : 4kW pressure : 
0.47Pa membrane formation temperature : : Formation use gas of 50nmTiN layer 18B : 
Ar/N2=40/70sccm power : 5kW pressure : 0.47Pa thickness : 70nm[0051] The silver (Ag) layer 
20 is formed in the whole surface with a CVD method after that [ [process -130] ] (refer to (C) 
of drawing 2 ). Formation of the Ag layer 20 is based on the chemistry gaseous-phase depositing 
method for having used Ag2C03 as a raw material. The conditions of CVD can be carried out as 
follows. 

Raw material : Source temperature of Ag2C03 raw material : 1 70-degreeC use gas : 
Ag2C03/Ar/H2=1 0/25/1 OOOsccm pressure : 2.6x1 03Pa substrate heating temperature: By this, 
the Ag layer 20 deposits on the 450-degreeC insulating layer 12 including the inside of a slot 14. 
The Ag layer 20 is formed of the following reaction. 

Ag2C03+H2->2Ag+C02**+H20** [0052] The CVD system of this invention shown in drawing 3 
for formation of the Ag layer 20 was used. This CVD system is equipped with the piping 204 
which connects the CVD chamber 200, the source 202 of a raw material, the source of a raw 
material, and a CVD chamber. And it has the 1st heater 206 which heats piping 204 more than 
the boiling point of a raw material, and the 2nd heater 210 which heats the CVD chamber 
induction 208 for introducing a raw material into a CVD chamber more than the boiling point of a 
raw material. The 2nd heater 210 is lamp heating apparatus, and the mirror 212 is formed. 
Moreover, the aperture 214 made from a quartz is formed in the part of the about 208 CVD 
chamber induction [ which opposes the 2nd heater 210 ] piping 204. In addition, it is a heater for 
lamp heating apparatus for 216 to heat a base 10 and 218 to heat inert gas induction among 
drawing 3 , and for 220 heat the source 202 of a raw material. At the 1st and 2nd heaters 
206,210, Ag2C03 gas which flows the inside of piping 204 and the CVD chamber induction 208 is 
held more than 218-degreeC which is the boiling point. 

[0053] By [a process -140], next the chemical mechanical polish method, the Ag layer 20 and 
the adhesion layer 16 on an insulating layer 12 are ground chemically and mechanically, and are 
removed, in a slot 14, it leaves the Ag layer 20 and the adhesion layer 16, and wiring which 
consists of the metal wiring layer 22 is formed (refer to drawin g 1 ). The polish equipment shown 
in drawing 4 is used for a chemical mechanical polish. The conditions of a chemical mechanical 
polish can be carried out as follows. 

Polish plate rotational frequency : 37rpm substrate maintenance base rotational frequency : 
17rpm polishing pressure force : 5.5x1 08Pa pad temperature : A chemical mechanical polish is 
performed using the mixed water solution of 40 degreeCI2+KI. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



2004/12/01 



3/14 s<— V 



. [0054] since a slurry (abrasive material +KOH+ water of Si02 system) is used when grinding 
Si02 conventionally, but it is not distributed at homogeneity in the field which a slurry should 
grind in case Si02 is ground by the slurry — grinding — passing — etc. — the problem that 
dispersion arises is in flattening of the polished surface in a substrate. When grinding the Ag 
layer 20 and the adhesion layer 16, a slurry is not needed, but by grinding with the mixed water 
solution of I2+KI, it is possible to remove only the Ag layer 20 and the adhesion layer 16, and it 
has the advantage that there is also little dispersion, in flattening of the polished surface in a 
substrate. 

[0055] Wiring which consists of the metal wiring layer 22 embedded at the flat insulating layer 12 
by this is formed. In an example 1, like the conventional wiring formation approach, regist- 
patterning processing and dry etching processing of a metal wiring layer become unnecessary, 
and the problem of dispersion of the light at the time of regist patterning and the problem from 
which etching becomes uneven can be avoided. Moreover, formation of the insulator layer on 
wiring and flattening processing of this insulator layer are also unnecessary. 
[0056] (Example 2) In the example 1, the metal wiring layer 22 which consists of the Ag layer 20 
and the adhesion layer 16 on an insulating layer 12 was removed by the chemical mechanical 
polish method. The metal wiring layer 22 is removed [ in / instead / an example 2 ] by the 
etchback method by dry etching. In addition, other processes are the same as an example 1, and 
detailed explanation is omitted. 

[0057] Etchback is carried out by the dry etching method of the following conditions, and it 
leaves the metal wiring layer 22 which consists of the adhesion layer 16 and the Ag layer 20 in a 
slot 14 for the Ag layer 20 and the adhesion layer 16 which were formed on the insulating layer 
12 including the [etching process of metal wiring layer 22] slot 14. 

Gas used : NO2/O2= : 20 / 20sccm microwave power: 850WRF power : 10W pressure : 1.3Pa 
substrate heating temperature : 100-degreeC [0058] (Example 3) In an example 3, the process 
which forms the sidewall 26 which changes from SiN to the side attachment wall of a slot 14 
between the [process -1 10] of an example 1 and [a process -120] is included further. In 
addition, other processes are the same as an example 1, and detailed explanation is omitted. 
Hereafter, the formation process of the sidewall 26 of an example 3 is explained with reference 
to drawing 5 . By forming a sidewall 26, oxidation of the adhesion layer 16 by the insulating layer 
12 can be prevented. 

[0059] SiN layer 26A is made to deposit by the plasma-CVD method the whole surface on the 
insulating layer 12 including the inside of the [formation process of sidewall 26] slot 14 (refer to 
(A) of drawing 5 ). The formation conditions of SiN layer 26A are illustrated below. 
Gas used: SiH4/NH3/N2=180/500/720sccm temperature : 200-degreeC pressure : 40Pa 
thickness : 100nm [0060] Then, whole surface etchback of the SiN layer 26A is carried out (refer 
to (B) of drawing 5 ). The conditions of etchback can be carried out as follows. 
' Gas used : CHF3=50sccmRF power : 300W pressure : 2Pa of sidewalls 26 is formed in the side 
attachment wall of a slot 14 of this. Henceforth, the wiring structure shown in (C) of drawing 5 
can be formed through [process -120] - [a process -140]. [ of an example 1 ] 
[0061] (Example 4) The wiring structure of an example 4 typical to drawing 6 which shows a 
sectional view in part Opening 14A formed in 1st insulating-layer 12A on the base 10 which 
differ an example 1 and a little and consists of a semi-conductor substrate, It consists of metal 
wiring layers 22 which consist of the adhesion layer 16 and the Ag layer 20 which were 
embedded at slot 14B formed in 2nd insulating-layer 12B formed on 1st insulating-layer 12A, and 
opening 14A and slot 14B. In this case, the sidiewall 26 which changes from SiN to the side 
attachment wall of opening 14A and the flank of slot 14B may be formed. Moreover, a lower layer 
conductor layer (for example, source drain field 36) and the wiring 24 in slot 14B are electrically 
connected by embedding opening 14A by the metal wiring layer 22. 

[0062] The wiring formation approaches of an example 4 differ an example 1 and a little, after 
they form slot 14B in 2nd insulating-layer 12B formed on 1st insulating-layer 12A in opening 14A 
again at 1st insulating-layer 12A on the base 10 which consists of a semi-conductor substrate 
beforehand, embed opening 14A and slot 14B by the metal wiring layer 22 which consists of the 
adhesion layer 16 and the Ag layer 20, and form wiring structure. The metal wiring layer 22 on 
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2nd insulating-layer 12B is removed by the chemical mechanical polish method. Hereafter, the 
wiring formation approach of an example 4 is explained with reference to typical drawing 7 and 
typical drawing 8 which are sectional views a part, such as a semiconductor device. 
[0063] On the base 10 which consists of the semi-conductor substrate which consists of 
[Process] -400 Si (100), the component isolation region 30 and the gate field 32 are formed by 
the usual approach. Subsequently, in order to form the gate sidewall 34 in the whole surface, 
Si02 film is made to deposit, after performing a LDD ion implantation. The deposition conditions 
of Si02 film can be carried out as follows. 

Gas used : SiH4/O2-/N2=250/250 / 100sccm temperature : 420-degreeC pressure : 13.3Pa 
thickness : Further, whole surface etchback of Si02 film is performed and 0.25 micrometers of 
gate sidewalis 34 are formed in the side attachment wall of the gate field 32. Whole surface 
etchback can be performed on condition that the following. 

Gas used : C4F8=50sccmRF power: 1200W pressure : An impurity ion implantation is performed 
on condition that the following after that [ 2Pa ] for formation of the source drain field 36. 
formation As of an N type channel Formation BF 2 of 20KeV and 5x1015-/cm2 P type channel 
20KeV and 3x1015-/cm2 — a part typical to (A) of drawing 7 in this way — the structure shown 
with a sectional view can be acquired. 

[0064] 1st insulating-layer 12A which consists of two-layer [ of Si02 and BPSG ] is formed in 
the whole surface with the CVD method of the following conditions after that [ [process -410] ]. 
SiO two-layer formation use gas : TEOS 50sccm pressure : 40Pa temperature : 720-degreeC 
thickness : Formation use gas of 400nmBPSG layers : SiH4/PH3/B- 
2H6/O2/N2=80/7/7/1000/32000sccm temperature : 400-degreeC pressure : 1.0x105Pa 
thickness : 500nm 900 more degreeC and reflow processing for 20 minutes are performed, and 
flattening of 1st insulating-layer 12A is performed. 

[0065] [A process -420], next 2nd insulating-layer 12B which consists of Si02 are formed in the 
whole surface. 2nd insulating-layer 12B can be formed on condition that the following. 
Gas used : SiH4/O2-/N2=250/250 / lOOsccm temperature : 420-degreeC pressure : 13.3Pa 
thickness : 0.8 micrometers [0066] Slot 14B is formed in 2nd insulating-layer 12B with a 
photolithography technique and a dry etching technique like the [process -1 10] of an example 1 
after that [ [process -430] ] (refer to (B) of drawing 7 ). 

[0067] [Process -440] Subsequently opening 14A is formed in 1st insulating-layer 12A by 
performing dry etching after regist patterning (refer to (C) of drawing 7 ). Here, width of face of 
slot 14B is made larger than the path of opening 14A. The conditions of dry etching can be 
carried out as follows. 

Gas used : C4F8 50sccmRF power: 1 200W pressure : Further, 2Pa of 1 100-degreeC and 
activation annealing for 10 seconds are performed, after forming a junction field by performing an 
ion implantation to opening circles. The following examples can be given as conditions for an ion 
implantation! 

Formation As of an N type channel Formation BF 2 of 20KeV and 5x1015-/cm2 P type channel 
20KeV, 3x1015-/cm2 [0068] It is desirable to form a SiN layer in the whole surface by the 
plasma-CVD method, to carry out whole surface etchback of the SiN layer subsequently like 
[the formation process of a sidewall 26] of an example 3, and to form the sidewall 26 which 
changes from SiN to the side attachment wall of opening 14A and the side attachment wall of 
slot 14B after that [ [process -450] ], (refer to (A) of drawing 8 ). 

[0069] The adhesion layer 16 which consists of Ti layer / TiN layer is formed in a spatter from 
under [a process -460] next on 2nd insulating-layer 12B containing opening 14A and slot 14B. 
This process can be made to be the same as that of the [process -120] of an example 1. 
[0070] The Ag layer 20 is formed in the whole surface like the [process -130] of an example 1 
after that [ [process -470] ] by the chemistry gaseous-phase depositing method using Ag2C03 
as a raw material (refer to (B) of drawing 8 ). 

[0071] Like [a process -480], next the [process -140] of an example 1, by the chemical 
mechanical polish method, the Ag layer 20 and the adhesion layer 16 on 2nd insulating-layer 12B 
are ground chemically and mechanically, and are removed, in slot 14B and opening 14A, it leaves 
the Ag layer 20 and the adhesion layer 16, and the connection hole and wiring which consist of 
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the m.etal wiring layer 22 are formed (refer to drawing 6 ). That is, the connection hole (for 
example, the so-called contact hole) with which the metal wiring layer 22 was embedded is 
formed in opening 14A. Moreover, the wiring 24 with which the metal wiring layer 22 was 
embedded at slot 14B is formed. 

[0072] In addition, it is also removable by carrying out etchback by the dry etching method like 
an example 2 instead of removing the metal wiring layer 22 which consists of the Ag layer 20 and 
the adhesion layer 16 by the chemical mechanical polish method. 

[0073] (Example 5) An example 5 is deformation of an example 4. Although the wiring structure 
of an example 5 is the same as an example 4, the wiring formation approach is different from an 
example 4. That is, opening 14A prepared in 1st insulating-layer 12A is embedded with the metal 
wiring material which consists of Ag, connection hole 24A is completed, subsequently to a it top, 
2nd insulating-layer 12B is made to deposit, and the point which forms slot 14B in this 2nd 
insulating-layer 12B is different from an example 4. In an example 5, [the process -400], [a 
process -410], and [a process -440] of an example 4 are same process, and other processes 
differ. Hereafter, the approach of an example 5 is explained with reference to drawing 9 and 
drawing 10 . 
[0074] 

On the base 10 which consists of the semi-conductor substrate of [process -500] -[process - 
520] Si (100), the component isolation region 30 and the gate field 32 are formed by the usual 
approach. Subsequently, after performing a LDD ion implantation, the gate sidewall 34 is formed 
and an impurity ion implantation is performed for formation of the source drain field 36. Then, 1 st 
insulating-layer 12A which consists of two-layer [ of Si02 and BPSG ] is formed in the whole 
surface with a CVD method, reflow processing is performed, and flattening of 1st insulating-layer 
12A is performed. Subsequently, activation annealing is performed after making a junction field 
form by forming opening 14A in 1st insulating-layer 12A in the dry etching after regist patterning, 
and performing an ion implantation to it at opening circles. These processes can be made to be 
the same as that of the [process -400] of an example 4, [a process -410], and [a process -440]. 
Subsequently, the sidewall (not shown) which consists of SiN may be formed in the side 
attachment wall of opening 14A. 
[0075] [Process -530] 

1st adhesion layer 16A which consists of Ti/TiN is formed in the whole surface from the bottom 
after [a process -520] by the same approach as the [process -120] of an example 1. 
Subsequently, by the same approach as the [process ^130] of an example 1, 1st Ag layer 20A is 
formed on the whole surface with a CVD method, and the 1st metal wiring layer which consists 
of 1st adhesion layer 16A and 1st Ag layer 20A is formed (refer to (A) of drawing 9 ). 
[0076] After that [ [process -540] ], the 1st metal wiring layer on 1st insulating-layer 12A is 
removed by the chemical mechanical polish method, and it leaves the 1st metal wiring layer 20A 
and 16A only in opening 14A (refer to (B) of drawing 9 ). The conditions of a chemical mechanical 
polish can be made to be the same as that of the [process -140] of an example 1. Of this, the 
so-called contact hole 24A by which the 1st metal wiring layer was embedded at opening 14A is 
formed. Instead of the chemical mechanical polish method, it may leave the 1st metal wiring layer 
20A and 16A only in opening 14A with the etchback by the dry etching method like an example 2. 

[0077] [Process -550] Subsequently to the whole surface, 2nd insulating-layer 12B which 
consists of Si02 is formed. 2nd insulating-layer 12B can be formed on the same conditions as 
the [process -420] of an example 4. Then, slot 14B is formed in 2nd insulating-layer 12B with a 
photolithography technique and a dry etching technique like the [process -430] of an example 4 
(refer to (A) of drawing 10 ). Then, if needed, a SiN layer may be formed in the whole surface by 
the plasma-CVD method, subsequently whole surface etchback of the SiN layer may be carried 
out like the [process -450] of an example 4, and the sidewall (not shown) which changes from 
SiN to the side attachment wall of slot 14B by this may be formed. 

[0078] By the same approach as [a process -560], next the [process -120] of an example 1 
After forming in a spatter 2nd adhesion layer 16B which consists of Ti with a thickness of 30nm 
on 2nd insulating-layer 12B containing slot 14B, by. the same approach as the [process -130] of 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



2004/12/01 



6/14 ^— v 



an example 1 2nd Ag layer 20B is formed on the whole surface with a CVD method, and the 2nd 
metal wiring layer which consists of 2nd adhesion layer 16B and 2nd Ag layer 20B is formed. 
[0079] [Process -570] Subsequently, by the chemical mechanical polish method, the 2nd metal 
wiring layer 20B and 16B on 2nd insulating-layer 12B is removed, in slot 14B, it leaves 2nd Ag 
layer 20B and 2nd adhesion layer 16B, and wiring 24 is formed (refer to (B) of drawing 10 ). The 
conditions of a chemical mechanical polish can be made to be the same as that of the [process 
-140] of an example 1. 

[0080] In addition, instead of removing the 2nd metal wiring layer 20B and 16B on 2nd insulating- 
layer 12B by the chemical mechanical polish method, like an example 2, etchback of the 2nd 
metal wiring layer 20B and 16B is carried out by the dry etching method, it can leave the 2nd 
metal wiring layer 20B and 16B only in slot 14B, and wiring 24 can also be formed in slot 14B by 
this. 

[0081] (Example 6) An example 6 is deformation of an example 5. The point that an example 6 is 
different from an example 5 is in the point which forms a tungsten plug with a CVD method in 
opening 14A beforehand. Hereafter, the wiring formation approach of an example 6 is explained 
with reference to drawing 1 1 . 
[0082] 

[Process -600] - [a process -620] These processes can be made to be the same as that of 
[process -500] - [a process -520]. [ of an example 5 ] 
[0083] [Process -630] 

The barrier layer 40 which consists of Ti/TiN is formed in the whole surface in a spatter after [a 
process -620], and the tungsten layer 42 is formed with a CVD method all over after that (refer 
to (A) of drawing 1 1 ). The membrane formation conditions of Ti and TiN can be made to be the 
same as that of the [process -120] of an example 1. Moreover, the membrane formation 
conditions of the tungsten by the CVD method are illustrated below. 

Gas used : WF6/H2=95 / 550sccm membrane formation temperature : 450-degreeC pressure : 
1.1x104Pa thickness : 0.4 micrometers [0084] After that [ [process -640] ], etchback is 
performed by the dry etching method, the tungsten layer 42 and the barrier layer 40 on 1st 
insulating-layer 12A are removed, and it leaves the metal plug and the barrier layer 40 which 
consist of the tungsten layer 42 only in opening 14A (refer to (B) of drawing 1 1 ). The conditions 
of dry etching can be carried out as follows. 

Gas used : SF6=50sccm microwave power: 850WRF power : 1 50W pressure : Contact hole 24A 
which consists of the so-called tungsten plug by which the tungsten was embedded at opening 
14A by this 1.33Pa is formed. In addition, it may leave the tungsten layer 42 and the barrier layer 
40 only in opening 14A by the chemical mechanical polish method instead of the etchback by the 
dry etching method. 

[0085] [Process -650] Subsequently to the whole surface, 2nd insulating-layer 12B which 
consists of Si02 is formed. 2nd insulating-layer 12B can be formed on the same conditions as 
the [process -550] of an example 5. Then, slot 14B is formed in 2nd insulating-layer 12B with a 
photolithography technique and a dry etching technique like the [process -550] of an example 5. 
In addition, width of face of slot 14B is made larger than the path of opening 14A. 
[0086] After forming in a spatter the adhesion layer 16 which consists of Ti of 30nm thickness 
by the same approach as [a process -660], next the [process -560] of an example 5 on 2nd 
insulating-layer 1 2B containing slot 14B, by the same approach as the [process -130] of an 
example 1, the Ag layer 20 is formed on the whole surface with a CVD method, and the metal 
wiring layer which consists of the adhesion layer 1 6 and the Ag layer 20 is formed. 
[0087] The metal wiring layer on 2nd insulating-layer 12B is removed with the etchback by the 
chemical mechanical polish method or dry etching after that [ [process -670] ] by the same 
approach as the [process -140] of an example 1. By this, it leaves a metal wiring layer only in 
slot 14B, and the wiring 24 which consisted of metal wiring layers which consist of the adhesion 
layer 16 and the Ag layer 20 in slot 14B is formed (refer to (C) of drawi ng 1 1 ). 
[0088] (Example 7) an example 7 - an example 12 — the 2nd voice of this invention — the 
wiring structure of the semiconductor device applied like, and the 2nd voice — it is related with 
the wiring formation approach which starts like. The wiring structure of an example 7 changes 
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from the multilayer metal wiring layer 50 formed in the slot 14 where a semiconductor device is 
typical, and which was formed in the insulating layer 12 on a base 10, and the slot 14 to drawing 
12 so that a sectional view may be shown in part. The metal wiring layer 50 consists of an 
adhesion layer 52, a Cu layer 54, and an Ag layer 56 from the bottom. Moreover, the adhesion 
layer 52 is the two-layer structure of Ti layer 52 A/TiN layer 52B from the bottom. 
[0089] the wiring formation approach of an example 7 — (**) — the process which forms a slot 
14 in an insulating layer 12 after forming an insulating layer 12 on a base 10, and (**) — it 
consists on an insulating layer 12 including a slot 14 of the process which forms from the bottom 
the multilayer metal wiring layer 50 which consists of the adhesion layer 52, the Cu layer 54, and 
the Ag layer 56, and the process which removes the metal wiring layer 50 on an insulating layer 
(Ha) 12, and leaves a metal wiring layer in a slot 14. 

[0090] Formation of the adhesion layer 52, the Cu layer 54, and the Ag layer 56 is performed in a 
spatter. Moreover, removal of the metal wiring layer 50 on the insulating layer 12 in the process 
of (Ha) consists of the chemical mechanical polish process of the metal wiring layer 50. By 
operating as a stopper the insulating layer 12 which consists of Si02, it becomes possible to set 
up the selection ratio of the metal wiring layer 50 and insulating layer 12 to a chemical 
mechanical polish to infinity. 

[0091] Hereafter, with reference to typical drawing 13 which is sectional views a part, such as a 
semiconductor device, the wiring formation approach of an example 7 is explained concretely. 
[0092] The insulating layer 12 which consists of Si02 is formed on the base 10 which consists of 
[a process -700, for example, a semi-conductor substrate,]. The formation conditions of an 
insulating layer 12 can be made to be the same as that of the [process -100] of an example 1. 
Then, a slot 14 is formed in an insulating layer 12 with a photolithography technique and a dry 
etching technique. In addition, the slot 14 has extended in the direction perpendicular to the 
space of drawing 13 . The conditions of dry etching can be made to be the same as that of the 
[process -1 10] of an example 1. 

[0093] The adhesion layer 52 which consists of Ti layer 52 A/TiN layer 52B is formed in a 
spatter on the insulating layer 12 including a slot 14 from under [a process -710] next (refer to 
(A) of drawing 13 ). The adhesion layer 52 can be made to be the same as that of the [process - 
120] of an example 1. 

[0094] The copper (Cu) layer 54 is formed in the whole surface in a spatter after that [ [process 
-720] ] (refer to (B) of drawing 13 ). The Cu layer 54 can be formed on the following spatter . 
conditions. 

Gas used : Ar=100sccm power : 10kW pressure : 0.47Pa membrane formation temperature : 200- 
degreeC thickness : 500nm [0095] The silver (Ag) layer 56 is formed in the whole surface in a 
spatter after that [ [process -730] ] (refer to (C) of drawing 13 ). The Ag layer 56 can be formed 
in the spatter of the following conditions. 

Gas used : Ar=100sccm power : 10kW pressure : 0.47Pa membrane formation temperature : 200- 
degreeC thickness : 100nm of front faces of the Cu layer 54 is covered with the Ag layer 56 in 
this way. 

[0096] By [a process -740], next the chemical mechanical polish method, the Ag layer 56, the Cu 
layer 54, and the adhesion layer 52 on an insulating layer 12 are ground chemically and 
mechanically, and are removed, in a slot 14, it leaves the Ag layer 56, the Cu layer 54, and the 
adhesion layer 52, and wiring which consists of the metal wiring layer 50 is formed (refer to 
drawing 12 ). The polish equipment shown in drawing 4 is used for a chemical mechanical polish. 
The conditions of a chemical mechanical polish can be carried out as follows. 
Polish plate rotational frequency : 37rpm substrate maintenance base rotational frequency : 
17rpm polishing pressure force : 5.5x1 08Pa pad temperature : The mixed water solution of I2+KI 
is used for removal by the chemical mechanical polish method of the 40-degreeCAg layer 56. 
Moreover, K4Fe(CN)6+H20 is used for removal by the chemical mechanical polish method of the 
Cu layer 54 and the adhesion layer 52. 

[0097] since a slurry (abrasive material +KOH+ water of Si02 system) is used when grinding 
Si02 conventionally, but it is not distributed at homogeneity in the field which a slurry should 
grind in case Si02 is ground by the slurry — grinding — passing : — etc. — the problem that 
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dispersion arises is in flattening of the polished surface in a substrate. When grinding the Ag 
layer 56, the Cu layer 54, and the adhesion layer 52, a slurry is not needed, but by grinding in the 
mixed water solution of I2+KI, and K4Fe(CN)6 water solution, it is possible to remove only the Ag 
layer 56, the Cu layer 54, and the adhesion layer 52, and it has the advantage that there is also 
little dispersion, in flattening of the polished surface in a substrate. 

[0098] Wiring which consists of the metal wiring layer 50 embedded at the flat insulating layer 12 
by this is formed. In an example 7, like the conventional wiring formation approach, regist- 
patterning processing and dry etching processing of a metal wiring layer become unnecessary, 
and the problem of dispersion of the light at the time of regist patterning and the problem from 
which etching becomes uneven can be avoided. Moreover, formation of the insulator layer on 
wiring and flattening processing of this insulator layer are also unnecessary. 

[0099] (Example 8) In the example 7, the metal wiring layer 50 which consists of the Ag layer 56, 
the Cu layer 54, and the adhesion layer 52 on an insulating layer 12 was removed by the 
chemical mechanical polish method. The metal wiring layer 50 is removed [ in / instead / an 
example 2 ] by the etchback method by dry etching. In addition, other processes are the same as 
an example 7, and detailed explanation is omitted. 

[0100] Etchback is carried out by the dry etching method of the following conditions, and it 
leaves the metal wiring layer 50 which consists of the adhesion layer 52, the Cu layer 54, and the 
Ag layer 56 in a slot 14 for the Ag layer 56, the Cu layer 54, and the adhesion layer 52 which 
were formed on the insulating layer 12 including the [etching process of metal wiring layer 50] 
slot 14. The etching use gas of the Ag layer 56 : NO2/O2=20 / 20sccm microwave power: 
850WRF power : 10W pressure : 1.3Pa substrate heating temperature : Etching use gas of the 
100-degreeCCu layer 54 and the adhesion layer 52 : O2-/CI2=10 / 70sccm microwave power: 
1000WRF power : 300W pressure : 0.5Pa substrate heating temperature : 300-degreeC [0101] 
(Example 9) In an example 9, the process which forms the sidewall 26 which changes from SiN to 
the side attachment wall of a slot 14 between the [process -710] of an example 7 and [a 
process -720] is included further. In addition, other processes are the same as an example 7, 
and detailed explanation is omitted. Hereafter, the formation process of the sidewall 26 of an 
example 9 is explained with reference to drawing 14 . By forming a sidewall 26, oxidation of the 
adhesion layer 52 by the insulating layer 12 and the Cu layer 54 can be prevented. 
[0102] SiN layer 26A is made to deposit by the plasma-CVD method the whole surface on the 
insulating layer 12 including the inside of the [formation process of sidewall 26] slot 14 (refer to 
(A) of drawin g 14 ). Next, whole surface etchback of the SiN layer 26A is carried out (refer to (B) 
of drawing 14 ). The formation conditions of SiN layer 26A and the conditions of etchback can be 
made to be the same as that of an example 3. A sidewall 26 is formed in the side attachment 
wall of a slot 14 of this. Henceforth, the wiring structure shown in (C) of drawing 14 can be 
formed through [process -720] - [a process -740]. [ of an example 7 ] 

[0103] (Example 10) The sidewall 26 which consists of SiN in an example 9 was formed in the 
side attachment wall of a slot 14. On the other hand, in an example 10, a sidewall is formed from 
Ag (silver). In addition, other processes are the same as an example 7, and detailed explanation is 
omitted. Hereafter, the formation process of the sidewall of an example 10 is explained. By 
forming the sidewall which consists of Ag, oxidation of the adhesion layer 52 by the insulating 
layer 12 and the Cu layer 54 can be prevented. 

[0104] Ag layer is made to deposit in a spatter the whole surface on the insulating layer 12 
including the inside of the [formation process of sidewall which consists of Ag] slot 14. Next, 
whole surface etchback of the Ag layer is carried out. The formation conditions of Ag layer and 
the conditions of etchback are illustrated below. 

Ag stratification condition use gas : Ar=100sccm power : 4kW pressure : 0.47Pa membrane 
formation temperature : 200-degreeC thickness : 100nmAg layer etchback condition use gas : 
NO2/O2=20 / 20sccm microwave power: 850WRF power : 10W pressure : 1.3Pa substrate 
heating temperature : 100degreeC — the same sidewall can be formed in the side attachment 
wall of a slot 14 with having been shown in drawing 14 in this way. Henceforth, the same wiring 
structure can be formed with having been shown in (C) of dr awing 14 through [process -720] - 
[a process -740]. [ of an example 7 ] 
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[0105] (Example 1 1) The wiring structure of an example 1 1 typical to draw ing 15 which shows a 
sectional view in part Opening 14A formed in 1st insulating-layer 12A on the base 10 which 
differ an example 7 and a little and consists of a semi-conductor substrate, It consists of metal 
wiring layers 50 which consist of the adhesion layer 52, the Cu layer 54, and the Ag layer 56 
which were embedded at slot 14B formed in 2nd insulating-layer 12B formed on 1st insulating- 
layer 12A, and opening 14A and slot 14B. In this case, the sidewall 26 which changes from SiN to 
the side attachment wall of opening 14A and the flank of slot 14B may be formed. Moreover, a 
lower layer conductor layer (for example, source drain field 36) and the wiring 58 in slot 14B are 
electrically connected by embedding opening 14A by the metal wiring layer 50. 
[0106] The wiring formation approaches of an example 1 1 differ an example 7 and a little, after 
they form slot 14B in 2nd insulating-layer 12B formed on 1st insulating-layer 12A in opening 14A 
again at 1st insulating-layer 12A on the base 10 which consists of a semi-conductor substrate 
beforehand, embed opening 14A and slot 14B by the metal wiring layer 50 which consists of the 
adhesion layer 52, the Cu layer 54, and the Ag layer 56, and form wiring structure. The metal 
wiring layer 50 on 2nd insulating-layer 12B is removed by the chemical mechanical polish 
method. Hereafter, the wiring formation approach of an example 1 1 is explained with reference to 
typical drawing 16 which is sectional views a part, such as a semiconductor device. 
[0107] On the base 10 which consists of the semi-conductor substrate of [Process] -1100 Si 
(100), the component isolation region 30 and the gate field 32 are formed by the usual approach. 
Subsequently, after performing a LDD ion implantation, the gate sidewall 34 is formed and an 
impurity ion implantation is performed for source drain field formation. 

[0108] After that [ [process -1110] ], 1st insulating-layer 12A which consists of two-layer [ of 
Si02 and BPSG ] is formed in the whole surface with a CVD method, reflow processing is 
performed, and flattening of 1st insulating-layer 12A is performed. 

[0109] [Process -1120] Subsequently to a 1st insulating-layer 12A top, 2nd insulating-layer 12B 
which consists of Si02 is formed. 

[01 10] Slot 14B is formed in 2nd insulating-layer 12B after that [ [process -1 130] ]. 
[0111] [Process -1140] Opening 14A is further formed in 1st insulating-layer 12A. Subsequently, 
activation annealing is performed after making a junction field form by performing an ion 
implantation, to opening circles. 

[01 12] The above process can be made to be the same as that of [process -400] - [a process - 
440]. [ of an example 4 ] 

[01 13] [Process -1 150] Subsequently the sidewall 26 which consists of SiN may be formed in 
the side attachment wall of opening 14A and slot 14B like the [process -450] of an example 4. 
Of the above process, the structure shown in (A) of d rawin g 1 6 is formed. 

[01 14] The adhesion layer 52 which consists of Ti layer / TiN layer is formed in a spatter from 
under [a process -1 160] next on 2nd insulating-layer 12B containing opening 14A and slot 14B. 
This process can be made to be the same as that of the [process -120] of an example 1. 
[01 15] The Cu layer 54 is formed in the whole surface in a spatter like the [process -720] of an 
example 7 after that [ [process —11 70] ]. Subsequently, the Ag layer 56 is formed in the whole 
surface in a spatter like the [process -730] of an example 7 (refer to (B) of drawing 16 ). 
[01 16] After that [ [process -1 180] ], like the [process -740] of an example 7, by the chemical 
mechanical polish method, the Ag layer 56, the Cu layer 54, and the adhesion layer 52 on 2nd 
insulating-layer 12B are ground chemically and mechanically, and are removed, in slot 14B and 
opening 14A, it leaves the Ag layer 56, the Cu layer 54, and the adhesion layer 52, and the 
connection hole and wiring which consist of the metal wiring layer 50 are formed (refer to 
drawing 15 ). That is, connection hole 58A (for example, the so-called contact hole) where the 
metal wiring layer 50 was embedded is formed in opening 14A. Moreover, the wiring 58 with 
which the metal wiring layer 50 was embedded at slot 14B is formed. 

[01 17] In addition, it is also removable by carrying out etchback by the dry etching method like 
an example 8 instead of removing the metal wiring layer 50 which consists of the Ag layer 56, the 
Cu layer 54, and the adhesion layer 52 by the chemical mechanical polish method. 
[01 18] (Example 12) An example 12 is deformation of an example 11. Although the wiring , 
structure of an example 12 is the same as an example 1 1, the wiring formation approach is 
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different from an example 1 1. That is, after embedding opening 14A prepared in 1st insulating- 
layer 12A with the metal wiring material which consists of Cu and completing connection hole 
58A, 2nd insulating-layer 12B is made to deposit on it, and the point which forms slot 14B in this 
2nd insulating-layer 12B is different from an example 11. In an example 12, [the process -1100], 
[a process -1 1 10], and [a process -1 140] of an example 1 1 are same process, and other 
processes differ. Hereafter, the approach of an example 12 is explained with reference to 
drawing 17 . 
[0119] 

On the base 10 which consists of the semi-conductor substrate of [process -1200] -[process - 
1220] Si (100), the component isolation region 30 and the gate field 32 are formed by the usual 
approach. Subsequently, after performing a LDD ion implantation, the gate sidewall 34 is formed 
and an impurity ion implantation is performed for source drain field formation. Then, 1st 
insulating-layer 12A which consists of two-layer [ of Si02 and BPSG ] is formed in the whole 
surface with a CVD method, reflow processing is performed, and flattening of 1st insulating-layer 
12A is performed. Subsequently, activation annealing is performed after making a junction field 
form by forming opening 14A in 1st insulating-layer 12A in the dry etching after regist patterning, 
and performing an ion implantation to it at opening circles. These processes can be made to be 
the same as that of the [process -1 100] of an example 4, [a process -1 1 10], and [a process - 
1 140]. Subsequently, the sidewall (not shown) which consists of SiN may be formed in the side 
attachment wall of opening 14A. 
[0120] [Process -1230] 

1st adhesion layer 52A which consists of Ti/TiN is formed in the whole surface from the bottom 
after [a process -1220] by the same approach as the [process -710] of an example 7. 
Subsequently, by the same approach as the [process -720] of an example 7, 1 st Cu layer 54A is 
formed on the whole surface in a spatter, and the 1st metal wiring layer which consists of 1st 
adhesion layer 52A and 1st Cu layer 54A is formed. 

[0121] After that [ [process -1240] ], the 1st metal wiring layer on 1st insulating-layer 12A is 
removed by the chemical mechanical polish method, and it leaves the 1st metal wiring layer 54A 
and 52A only in opening 14A (refer to (A) of drawing 17 ). The conditions of a chemical 
mechanical polish can be made to be the same as that of the chemical mechanical polish of Cu 
layer of the [process -740] of an example 7. Of this, the so-called contact hole 58A by which 
the 1st metal wiring layer was embedded at opening 14A is formed. Instead of the chemical 
mechanical polish method, it may leave the 1st metal wiring layer 54A and 52A only in opening 
14A with the etchback by the dry etching method like an example 8. 

[0122] [Process -1250] Subsequently to the whole surface, 2nd insulating-layer 12B which 
consists of Si02 is formed. 2nd insulating-layer 12B can be formed on the same conditions as 
the [process -1120] of an example 11. Then, slot 14B is formed in 2nd insulating-layer 12B with 
a photolithography technique and a dry etching technique like the [process -1 130] of an example 
1 1. Then, subsequently it can form and be easy to form a SiN layer in the whole surface by the 
plasma-CVD method, to carry out whole surface etchback of the SiN layer, and to have the 
sidewall (not shown) which consists of SiN in the side attachment wall of slot 14B by this if 
needed, like the [process -1 150] of an example 1 1. 

[0123] By the same approach as [a process -1260], next the [process -710] of an example 7 
After forming in a spatter 2nd adhesion layer 52B which consists of Ti with a thickness of 30nm 
on 2nd insulating-layer 12B containing slot 14B, by the same approach as the [process -730] of 
an example 7 The 2nd metal wiring layer which consists of 2nd adhesion layer 52B t 2nd Cu layer 
54B, and the Ag layer 56 is formed by forming 2nd Cu layer 54B on the whole surface in a 
spatter, and forming the Ag layer 56 in a spatter on it further. 

[0124] [Process -1270] Subsequently, by the chemical mechanical polish method, the 2nd metal 
wiring layer 56, 54B, and 52B on 2nd insulating-layer 12B is removed, in slot 14B, it leaves the 
Ag layer 56, Cu layer of ** 2nd 54B, and 2nd adhesion layer 52B, and wiring 58 is formed (refer 
to (B) of drawing 18 ). The conditions of a chemical mechanical polish can be made to be the 
same as that of the [process -740] of an example 7. 

[0125] In addition, instead of removing the 2nd metal wiring layer 56, 54B, and 52B on 2nd 
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. insulating-layer 12B by the chemical mechanical polish method Like an example 8, etchback of 
the 2nd metal wiring layer 56, 54B, and 52B is carried out by the dry etching method, by this, it 
can leave the 2nd metal wiring layer 56, 54B, and 52B only in slot 14B, and wiring 58 can also be 
formed in slot 14B. 

[0126] (Example 13) an example 7 - an example 12 — setting — the wiring structure of a 
semiconductor device — the 2nd voice of this invention — it formed by the wiring formation 
approach which starts like. On the other hand, the wiring structure of the semiconductor device 
in an example 13 - an example 15 is formed by the wiring formation approach concerning the 3rd 
mode of this invention. 

[0127] The process which forms a slot 14 in an insulating layer 12 after the wiring formation 
approach of the semiconductor device of an example 1 3 forms an insulating layer 1 2 on the (b) 
base 10, The process which forms from the bottom 1st multilayer metal wiring layer 50A which 
consists of the adhesion layer 52 and the Cu layer 54 on the insulating layer 12 including the (b) 
slot 14, The process which removes 1st metal wiring layer 50A on an insulating layer 12, and 
leaves 1st metal wiring layer 50A in a slot 14, (Ha) It consists of the process which forms 2nd 
metal wiring layer 50B which consists of Ag layer on the (d) insulating layer 12 and 1st metal 
wiring layer 50A, and the process which removes 2nd metal wiring layer SOB on the (e) insulating 
layer 12, and leaves 2nd metal wiring layer 50B in a slot 14. 

[0128] The adhesion layer 52, the Cu layer 54, and formation at metal wiring layer 50B to the 
2nd are performed in a spatter. Moreover, removal of 2nd metal wiring layer 50B on the insulating 
layer 12 in the process of (e) changes from the chemical mechanical polish process of the metal 
wiring layer 50 to removal of 1st metal wiring layer 50A on the insulating layer 12 in the process 
of (Ha), and a list. By operating as a stopper the insulating layer 12 which consists of Si02, it 
becomes possible to set up the selection ratio of the 1st [ to a chemical mechanical polish ], and 
2nd metal wiring layers 50A and 50B, and an insulating layer 12 to infinity. 

[0129] In the wiring formation approach concerning the 3rd mode of this invention, the Cu layer 
54 can be covered with 2nd metal wiring layer 50B which consists of Ag layer much more more 
certainly than the wiring formation approach concerning the 2nd mode of this invention. 
[0130] Hereafter, with reference to typical drawing 18 and typical drawing 19 which are sectional 
views a part, such as a semiconductor device, the wiring formation approach of an example 13 is 
explained concretely. 

[0131] The insulating layer 12 which consists of Si02 is formed on the base 10 which consists of 
[a process -1300, for example, a semi-conductor substrate,]. The formation conditions of an 
insulating layer 12 can be made to be the same as that of the [process -100] of an example I. 
Then, a slot 14 is formed in an insulating layer 12 with a photolithography technique and a dry 
etching technique. In addition, the slot 14 has extended in the direction perpendicular to the 
space of drawing 18 . The conditions of dry etching can be made to be the same as that of the 
, [process -110] of an example 1. 
[0132] The adhesion layer 52 which consists of Ti layer 52 A/TiN layer 52B is formed in a 
spatter on the insulating layer 12 including a slot 14 from under [a process -1310] next. The 
adhesion layer 52 can be made to be the same as that of the [process -120] of an example 1. 
[0133] The copper (Cu) layer 54 is formed in the whole surface in a spatter after that [ [process 
-1320] ] (refer to (A) of drawing 18 ). Formation of the Cu layer 54 can be made to be the same 
as that of the [process -720] of an example 7. In this way, 1st multilayer metal wiring layer 50A 
which consists of the adhesion layer 52 and the Cu layer 54 can be formed from the bottom on 
the insulating layer 12 including a slot 14. 

[0134] By [a process -1330], next the chemical mechanical polish method, the Cu layer 54 and 
the adhesion layer 52 on an insulating layer 12 are ground chemically and mechanically, and are 
removed, and it leaves 1st metal wiring layer 50A which consists of the Cu layer 54 and the 
adhesion layer 52 in a slot 14 (refer to (B) of drawing 1 8 ). The polish equipment shown in 
drawing 4 is used for a chemical mechanical polish. The conditions of a chemical mechanical 
polish can be made to be the same as that of an example 13. K4Fe(CN)6+H20 is used for 
removal by the chemical mechanical polish method of the Cu layer 54 and the adhesion layer 52. 
[0135] 2nd metal wiring layer SOB which consists of a silver (Ag) layer is formed in the whole 
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. surfage in a spatter after that [ [process -1340] ] (refer to (A) of drawing 19 ). Formation of Ag 
layer can be made to be the same as that of the [process -730] of an example 13. In this way, 
the front face of 1st metal wiring layer 50A is covered with 2nd metal wiring layer SOB which 
consists of Ag layer. 

[0136] By [a process -1350], next the chemical mechanical polish method, 2nd metal wiring layer 
50B which consists of Ag layer on an insulating layer 12 is ground chemically and mechanically, 
and is removed, it leaves 2nd metal wiring layer 50B which consists of Ag layer in a slot 14, and 
wiring which consists of the 1st and 2nd metal wiring layers 50A and 50B is formed (refer to (B) 
of drawing 19 ). The conditions of a chemical mechanical polish can be made to be the same as 
that of an example 13. In addition, the mixed water solution of I2+KI is used for removal by the 
chemical mechanical polish method of Ag layer. 

[0137] In an example 13, like the conventional wiring formation approach, regist-patterning 
processing and dry etching processing of a metal wiring layer become unnecessary, and the 
problem of dispersion of the light at the time of regist patterning and the problem from which 
etching becomes uneven can be avoided. Moreover, formation of the insulator layer on wiring and 
flattening processing of this insulator layer are also unnecessary. Moreover, since the front face 
of 1st metal wiring layer 50A is covered with 2nd metal wiring layer SOB much more certainly, 
oxidation of the Cu layer 54 which constitutes 1st metal wiring layer 50A can be prevented. 
[0138] In an example 13, although 1st metal wiring layer 50A and 2nd metal wiring layer 50B were 
chiefly removed by the chemical mechanical polish method, it is also removable like an example 8 
with the etchback by the dry etching method. 

[0139] Moreover, formation of the sidewall explained in the wiring formation approach, and the 
example 9 or example 10 of the semiconductor device concerning the 3rd mode of this invention 
explained in the example 13 is also combinable. Furthermore, the wiring formation approach 
explained in the example 13 is also applicable instead of the Ag layer 56 in an example 11 or an 
example 12. 

[0140] (Example 14) Only the flow of the process in the case of applying the wiring formation 
approach explained in the example 13 instead of the Ag layer 56 in an example 11 is explained 
below. In addition, it is also removable by carrying out etchback by the dry etching method like 
an example 8 instead of removing the 1st and/or 2nd metal wiring layer by the chemical 
mechanical polish method. 

[0141] Formation of the component isolation region to a [process -1400] base top, and a gate 
field. LDD ion implantation. Formation of a gate sidewall. The impurity ion implantation for source 
drain field formation. 

[Process -1410] Formation and reflow processing of the 1st of an insulating layer which consist 
of two-layer [ of Si02 and BPSG ]. 

[Process -1420] Formation of the 2nd insulating layer which consists of Si02 to a 1st insulating- 
layer top. 

Formation of the slot to the 2nd insulating layer of [a process -1430]. 
Formation of opening to the 1st insulating layer of [a process -1440]. 

Formation by the spatter to a 2nd insulating-layer top including opening and the slot of an 

adhesion layer which consist of a [process -1450] Ti layer / TiN layer. 

Formation of Cu layer by the spatter to a [process -1460] adhesion layer top. 

Removal of Cu layer on the 2nd insulating layer by the [process -1470] chemical mechanical 

polish. 

Formation of the 2nd metal wiring layer which changes from Ag layer by the spatter to the whole 
[process -1470] surface. 

Removal of the 2nd metal wiring layer on the 2nd insulating layer by the [process -1480] 
chemical mechanical polish method. 

[0142] (Example 15) Only the flow of the process in the case of applying the wiring formation 
approach explained in the example 13 instead of the Ag layer 56 in an example 12 is explained 
below. In addition, it is also removable by carrying out etchback by the dry etching method like 
y an example 8 instead of removing the 1 st and/or 2nd metal wiring layer by the chemical 
mechanical polish method. 
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[0143] Formation of the component isolation region to a [process -1500] base top, and a gate 
field. LDD ion implantation. Formation of a gate sidewalk The impurity ion implantation for source 
drain field formation. 

[Process -1510] Formation and reflow processing of the 1st of an insulating layer which consist 
of two-layer [ of Si02 and BPSG ]. 

Formation of opening to the 1st insulating layer of [a process -1520]. 

[Process -1530] Formation by the spatter of the 1st metal wiring layer which consists of the 1st 
adhesion layer to a 1st insulating-layer top, and 1st Cu layer. 

Removal of the 1st metal wiring layer on the 1st insulating layer by the [process -1540] chemical 
mechanical polish method. By this, the so-called contact hole where the 1st metal wiring layer 
was embedded at opening is formed. 

Formation of the 2nd insulating layer which consists of Si02 all over [a process -1550]. 
Formation of the slot to the 2nd insulating layer. 

[Process -1560] Formation by the spatter of the 2nd adhesion layer to a 2nd insulating-layer 
top, and Cu layer. 

Removal of Cu layer on the 2nd insulating layer by the [process -1570] chemical mechanical 
polish, and the 2nd adhesion layer. 

Formation of the 2nd metal wiring layer which changes from Ag layer by the spatter to the whole 
[process -1580] surface. 

Removal of the 2nd metal wiring layer on the 2nd insulating layer by the [process -1590] 
chemical mechanical polish method. 

[0144] As mentioned above, although this invention was explained based on the desirable 
example, this invention is not limited to these examples. The various ingredients and the 
conditions of having used in the example are instantiation, and can be changed suitably. 
Depending on the case, opening can be formed instead of Slots 14 and 14B. 
[0145] Although the insulating layer was explained as what consists of the combination of Si02 
or Si02, and BPSG chiefly, it can constitute from what carried out the laminating of well-known 
insulating materials, such as BPSG, PSG and BSG, AsSG, PbSG, SbSG, SOG, SiON, or SiN, or 
these insulating layers to instead of [ these ]. 

[0146] In an example 1 - an example 6, although formation of the Ag layer 20 was performed by 
the chemistry gaseous-phase depositing method for having used Ag2G03 as a raw material 
instead, it can be performed by the chemistry gaseous-phase depositing method using AgN02, 
AgBr, or Agl as a raw material. The CVD conditions in these cases and the heating conditions of 
the material gas which flows the inside of piping 204 and the CVD chamber induction 208 at the 
1st and 2nd heaters 206,210 in the CVD system shown in drawin g 3 are illustrated and combined 
with below, and a reaction formula is shown. 

[0147] raw material: — source temperature of AgN02 raw material 450-degreeC gas heating 
condition: — more than 140-degreeC — reaction-formula : 2AgN02+7H2- 
>2Ag+2NH3**+4H20** : 150-degreeCxise gas : AgN02/Ar/H2=1 0/25/1 OOOsccm pressure : 
2.6x1 03Pa substrate heating temperature : [0148] Raw material: Source temperature of an AgBr 
raw material : 450-degreeC use gas : AgBr/Ar/H2=10/75 / 1000sccm pressure : 2.6x1 03Pa 
substrate heating temperature: 500-degreeC gas heating conditions: It is power more than 434- 
degreeC. : 500W (plasma CVD) 

Reaction formula : 2AgBr+H2->2Ag+2HBr** [0149] Raw material: Source temperature of an Agl 
raw material : 560-degreeC use gas : Agl/Ar/H2=10/100 / 1000sccm pressure : 2.6x1 03Pa 
substrate heating temperature: 600-degreeC gas heating conditions: It is power more than 552- 
degreeC. : 500W (plasma CVD) 

Reaction formula : 2AgI+H2->2Ag+2HI** [0150] In an example 7 - an example 15, it can form 
with a CVD method instead of forming Cu layer and/or Ag layer in a spatter. The formation 
conditions of Cu layer by the CVD method are illustrated below. 

Gas used : Cu (HFA)2/H2=10 / 1000sccm pressure : 2.6x1 03Pa substrate heating temperature: 
350-degreeC power : It is the abbreviation for hexafluoro acetylacetonate in 500W, in addition 
HFA. 

[0151] An adhesion layer can also consist of a Ti layer or a TiN layer instead of Ti layer / TiN 
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layer. The formation conditions of the Ti layer or the TiN layer in this case can be made to be 
the same as that of the formation conditions of Ti layer 18A explained at the [process -120] of 
an example 1, and TiN layer 18B. Or an adhesion layer can also be made into the two-layer 
structure of Ag layer / Ti layer from the bottom again. In this case, Ag layer can be formed in 
the spatter of the following conditions. Moreover, the formation conditions of Ti layer can be 
made to be the same as that of the formation conditions of Ti layer 18A explained at the 
[process -120] of an example 1. 

Spatter condition use gas of Ag layer : Ar=100sccm power : 4kW pressure : 0.47Pa membrane 
formation temperature : 200-degreeC thickness : 50nm [0152] TiON and TiW can also be used 
instead of TiN which constitutes an adhesion layer. Moreover, by the case, the sequence of 
formation of a slot, formation of a sidewall, and formation of an adhesion layer can be changed, 
and it can also consider as the order of formation of a slot, formation of an adhesion layer, and 
formation of a sidewall. Moreover, the metal layer or metallic-compounds layer which constitutes 
adhesion layers, such as Ti and TiN, can be formed by the forming-membranes methods, such as 
CVD. 

[0153] The silicon layer formed on the various substrates for producing the various component 
sections, such as an insulating layer in which the MgO substrate, the GaAs substrate, 
superconducting transistor substrate, and lower layer wiring layer other than a silicon semi- 
conductor substrate or the semi-conductor substrate with which the source drain field was 
formed were formed as a base, and a gate electrode which needs to form a connection hole ( a 
contact hole, a beer hall, through hole), and needs to form electrical installation, and a thin film 
transistor can be mentioned. 

[0154] In an example 6, although the tungsten plug was formed in opening 14A using the so- 
called blanket tungsten CVD method, a tungsten plug may be instead formed in opening 14A with 
the so-called tungsten selection CVD method. The conditions in this case can be carried out as 
follows. Gas used : WF6/SiH4/H2/Ar=1 0/7/1 000/10 seem ** Whenever : 260-degreeC ** 
Force : 26Pa [0155] This invention is applicable to other semiconductor devices other than an 
MOS semiconductor device (for example, a bipolar transistor, CCD). 

[0156] Various kinds of sputtering systems, such as a magnetron sputtering system, DC 
sputtering system, RF sputtering system, an ECR sputtering system, and a bias sputtering 
system that impresses substrate bias, can perform a spatter. 

[0157] In the wiring structure concerning the 1st mode of this invention under Ag layer again the 
2nd voice of this invention — the wiring structure which starts like — setting — the bottom of 
Cu layer — or — again — the wiring layer or connection hole under an adhesion layer — 
refractory metals, such as Mo and Ti, — Or a monolayer or various combination ******** can 
be formed for the silicide of TiW, ZrN, W, WC, TiC, other MoSi2 and WSi2, and TiSi2 grade etc. 
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. * NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawing 1] It is typical drawing of the wiring structure of the semiconductor device of an 
example 1. 

[Drawing 2] typical [ semiconductor device / for explaining each process of the wiring formation 

approach of an example 1 ] — it is a sectional view a part. 

[ Drawing 3] It is the mimetic diagram of the CVD system of this invention. 

[Drawing 4] It is the mimetic diagram of the polish equipment suitable for operation of this 

invention. 

[Drawing 5] typical [ semiconductor device / for explaining the sidewall formation process of an 
example 3 ] — it is a sectional view a part. 

[Drawing 6] It is typical drawing of the wiring structure of the semiconductor device of an 
example 4. 

[Drawing 7] typical [ semiconductor device / for explaining each process of the wiring formation 
approach of an example 4 ] — it is a sectional view a part. 

[Drawing 8] typical [ semiconductor device / for continuing at drawing 7 and explaining each 
process of the wiring formation approach of an example 4 ] — it is a sectional view a part. 
[Drawing 9] typical [ semiconductor device / for explaining the process of the wiring formation 
approach of an example 5 ] — it is a sectional view a part. 

[Drawing 10] typical [ semiconductor device / for continuing at drawing 9 and explaining the 
process of the wiring formation approach of an example 5 ] — it is a sectional view a part. 
[Drawing 11] typical [ semiconductor device / for explaining the process of the wiring formation 
approach of an example 6 ] — it is a sectional view a part. 

[Drawing 12] It is typical drawing of the wiring structure of the semiconductor device of an 
example 7. 

[Drawing 13] typical [ semiconductor device / for explaining each process of the wiring formation 
approach of an example 7 ] — it is a sectional view a part. 

[Drawing 14] typical [ semiconductor device / for explaining the sidewall formation process of an 
example 9 ] — it is a sectional view a part. 

[Drawing 15] It is typical drawing of the wiring structure of the semiconductor device of an 
example 11. 

[Drawing 16] typical [ semiconductor device / for explaining each process of the wiring formation 
approach of an example 11 ] — it is a sectional view a part. 

[Drawing 17] typical [ semiconductor device / for explaining each process of the wiring formation 
approach of an example 12 ] — it is a sectional view a part. 

[Drawing 18] typical [ semiconductor device / for explaining each process of the wiring formation 
approach of an example 13] — it is a sectional view a part. 

[Drawing 19] typical [ semiconductor device / for continuing at drawing 18 and explaining each 
process of the wiring formation approach of an example 13 ] — it is a sectional view a part. 
[Drawing 20] typical [ semiconductor device / for explaining each process in the example of a 
manufacture process of the conventional semiconductor device ] — it is a sectional view a part. 
[Drawing 21] typical [ semiconductor device / for explaining each process in the example of a 
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manufacture process of the conventional semiconductor device following on drawing 20 ] — it is 
a sectional view a part. 

[Drawing 22] typical [ semiconductor device / for explaining each process in another example of 
the manufacture process of the conventional semiconductor device ] — it is a sectional view a 
part. 

["Drawing 23] It is drawing for explaining the trouble in the manufacture process of the 
conventional semiconductor device. 
[Description of Notations] 
10 Base 

12, 12A, 12B Insulating layer 
14 14BSIot 
14A Opening 

16, 16A, 16B Adhesion layer 

18A Ti layer 

18BTiN layer 

20 Ag Layer 

22 Metal Wiring Layer 

24 Wiring 

24A Connection hole 
26A SiN layer 
26 Sidewall 

30 Component Isolation Region 

32 Gate Field 

34 Gate Sidewall 

36 Source Drain Field 

40 Barrier Layer 

42 Tungsten Layer 

50 Metal Wiring Layer 

50A The 1st metal wiring layer 

50B The 2nd metal wiring layer 

52, 52A, 52B Adhesion layer 

54, 54A, 54B Cu layer 

56 Ag Layer 

58 Wiring 

58A Connection hole 

200 CVD Chamber 

202 Source of Raw Material 

204 Piping 

206 1st Heater 

208 CVD Chamber Induction 

210 2nd Heater 

214 Aperture 

216 Lamp Heating Apparatus 
218 Inert Gas Induction 
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[Drawing 15] 
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3^&a>e>/££&JlE18Jai 1 8 $il;S7J^- , JA7 

A^^^icT^fiSturcch^, ^JiSfitHJii 1 son 
liJI!ft«l* (BPS. .D3ia«*JEJ«Sti«0) o cnSlcS 
HUT, ^Sie^Hl 1 8©iagPrtlCt3(**S«IKjl:M 
1 2 OCD^AUy 02 00 

(C) #HB) o *<0IML *a>a#TO*OS«t***(S 30 

>»©»»T&Hie»Jl 1 1 8{C*tbTBW0/t*-- 

[0 0 1 6] IsisX h/1*-x>^&0gfi$l*i£ 

*§?si i 8-c*^o i/yxh/^-z>m K^-rx 

y^->y(CctoT*JlE»JBl 1 80/t*-->^£f7 

<tC5^ BC i3MXT'^l7f> 
^t*^3*JU5£0*T&'ij\ BC I 33Wf*lCcfcoT 40 
T i pN*6rt*S»l»Jhil1 2 0^X7^^^ 

*MKltKl 2 0*l5/f>m*I#ft*. 

[0 0 17] *<D1ttb. A l 9K«ft*&jft«*BEMJI 

i 1 8^xu/^>^-r^^iz, ^/t^^ftffl^wr^x 

iu3*, J£*tKiLBii 2 0/£JIie*!gJl 
1.1 sco^.Jl^^-^ii^ c^i5/d:xyf>^s 
ft0>KEIcJ:U. cti6(DX7f>^^- < hft5o 

[001 8 ] IC, S i N^^JK^^ h^/t-Jl 1 2 4 50 



[Ii-4 0] st; [Xi- 5 0] TSiWUfc 

S2(Djfeii1 2 6t»i««l:7hy/t»11 2 4 
£fflUTlN£#, S i 02<hS i N<Dmm\Z$tf-?&MtR 
J:b(i 3 ~ 6HgU£^#6*Us:l\o -ZOfz&b, S i N^e 
hy/*-JBl 2 4#ffiJB0»/£¥JS*?r5'<<* 

ia«f fins. M«ttA<ffi2 09«uii 2 
; 1 2 2oK^ft7Wbysjft a cea:i^i^nji«*t a 

[0 0 1 9] U^t>, CVOS^iaotS i 02gU 
<aSOG»6««KlO)«HI1 2 2TlSj«r B 1^Si6 

mmonnum^iz. kimi 220s 

EttmoSB 1 (OtfeKM 1 2 2IC 
r-T <#-f K) J 1 2 2 A#56**-*£05Riafc*U 
•TO* (0 2 3*R> 0 

[0 0 2 0] SiN*6jJWhy/t-|1 2 4 

SJBOfcU [Xi-4 0* ] - [18-7 0* ] TKW 

[0021] c©ct?ica»a¥«»teB<z>HJiictei\ 
Tii. E»*JB«ufc»*©±ic¥aaift»«t«j«-r 
sae*o^}4ri±ia<o"«fc e> o'hhjA6« ut*s 
y. cn6orpiHi**M«tt(cspste-rs^:»o^;i(i5fe' 

[0 0 2 2] ±ISOya-feXfCfct\Tli. KJgtWiO 
TA I X«ft*ffll%Tl\«. A I ate**>&JSS&JBE 
Mil 1 8fC*5lAT(i, Xl/^hP7>f^l/-y3^ 

**£raa-c**. &its ftiessi 1 80K7-YX 
ic mEttftftf&ttirttiv E»rc«a«aufct* 

A«EIMICC5B*l/fc»/]\a:»Ct?KW 'KlcKtt** 

*<Ot£ibs X^hP7^f^l/-y 3 >^ 
KO**f^ffllC«fc-3T, Ett©-a©«BlteffiT 

[oo2 3] »»«na*M%-r«— ^a&LTfl (c 

u) *EIM*»tUTffll\*Ci:*«a*SnTi^. u 
C u OigW^x 7 f > A« < C uCD 

^r D ii^LTi^ e toxvkvmmiz. i&mmizm^ 
alB©aMb*l»ih■r*^saa:¥lS(iae>nT:l^/J:l\. 
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[o o 2 4] eeoT. *mwv>m i cD@fi*Hi. wm&m 

[0 0 2 5] *SSf!HCDffl2CD@M(J. SrSKDfRsiSljlflSfiJc 
tt£&mkf&Z.t\z$>Z> <> MIC *5IWOl^3«>SW 10 

[0 0 2 6] 

[iSSI£ft¥;*-f3£:«><D¥IS] ±EO»l ©SM^M 

iSlt. (•<) 8#±©l6SBlc}B«Stl>t«gPXI4H 
□ Siick. (P) ^ffiXliBJPfllrtlcJBricSttfc. T^e> 

snTtN-sci^^iaii-r-So 20 
[0027] 1 <Dmm\z&z>¥m»gim<DW!. 

t««JilC*Jl\Tli, 8Bgg*> Tig. T i Ng. 

bT ig/T i Nm<D2mmm. su<i*T^e>Agjg 
/t i Ji©2®s^^e.«fig-r^ci^-c^^ <> 3=;t, 

iv, ■ . 

[0 0 2 8] _h|Etf>ifS1 C0B6*)*^B)c-r-S>fee6O^W 
U) Stt±ICj&;iig£JgfiJcU/z&. ^glc;^g|5Xli 30 

ian«*}i5j»*-*ie£» <p) m^itma^^ 
&mmmmzmf&T2>i.m£. </\) &Bm±<D&m& 

[0 0 2 9] *?IW<om i ©ffi«lC^-5¥S<*^|g<OB2 
tHJ&fiK^jilC&UTIi. A g gOJfcfiJcti, Ag2C03. 
A g N O2, AgB rSU<liAg I ^f^Jftil OTfflO 
^•fb^mffitfraijilCTftpCi^-C 1 ^^. (/\) Olg 
lcfclt5^e/l±ro^SK^Ilco^5feli- 40 

S^^^^^^^'J^vzLiSlCteCxTli. l2<tK I 
©S^7j<j§>««rfflUT A g gCD-irS *)\,* *=.}])l,7$ 'J 

[0 0 3 0] Sfc. ffifitt. Til, T i'Ng, Td^ 
ig/T i Nl<0 211ig, SL<liT*>6>Agg 

<oi?i(D^(c. ^guxtiiSpascDffiijiiics i n^6be-5 



[0 0 31] ±IE©Sg 1 <Dgfi«J$:^t--5ActotD^W 

<n&2<nmmz&z*m&&m<»um%ms.. <-n m 
&±<Dmmmizmi&2nfc.mwiL\tmn%L£. (p) m 
aix(i§3Pa?rtic»$fi)t$nfe. T^t>g^g. cjik 

[0 0 3 2] *%WOm2CDfig«|c;'(l^#agft^g03ie 

gam^tcfcurii. ^mmt. Tig. t i ne ta» 
e>T i m/T i Ng<?52g^ji. gKiTObAgi 

/T i g(D2gtIit^e>Sfi!ct--5Ci:A^T^-5 <> Sfc. 
SgP3HiHPgB<D«iJiilc. S i Nfe^t\|iXAgA^e.fi£ 

[0 0 3 3] ±IE<DgS1 ©aM^SfiJcf 

(^) Stt±lC&3tg£JB/i)cb7tSL Jfe^glCilSSXIi 
SPSP^JfSiSE-rsifii. (P) itgflXliBJPSflrt^ 
tf*ft»g±lc. T^e>SSi§g. C ug&tf Aggies 
S£gcO£JIiE8|g£ff5fiKr-5X?I<h. (/\) ^g± 
ffl^lESI$i*U ^SPX(±IBPg|5rtlC^MSE^g 
ZUktTM. frblSLZZ.tZir&tTZ., 

[0034] *&M<D&2<Dmmizmz>*mi*3imv>m 
mmnmzts^xit. o\) <Dxwz^(t^mm± 

<rS.fiJ\,*l3-fi)MiiJvi'i.lZjiZ>AsmCD&2i : 

X, </\) OXglcfc(t-5jfeiitg±0#JliB«§g(0^ 
li. ^JSKi^g<7)X->5 1 /'(->i7Xli^e>^r'5C<t^ 

[0035] ±iewmi <Dmtf\zmi£?z>tiisb<n*5£w 

(DM 3 (D^«l(C«S¥^^roiBilS)fJfi£^S(i, 

(f) g#±lC&i§g£Jf$fi)cUfc:&, JfeliglCjIg&Xli 
MPgB^ffJfiE-r^Xgi. (P) JtgRXIi^PSBrt^^ 

tragic. Tfr^mmmzitfc uiA>b^*i© 

Jgl W^Mie^gS:JfJfi£-r-5Xg<t. <A)«ag±0> 
Si cD&JliEi|i!gg£Bfc£U ;"»SP3l(ii3PgfJrt[cSl O 

^sie^g^-fxe-h, (_) tmm±&zfm^<o± 
mamm±iz. Agmfr<bis.zm2v>&mMZ&m&Bi$. 

TZTMii. (*) iffei^g±^2<75^giE«|g$:^ 
[0 0 3 6] *?£W<D$&3<OMmz%Z>*mW%iW.<Dm 

mm^}Hzsn.\xit. (/\) <Dxnicfc(t^,^g± 

OS 1 O^iliSlggcDf^*. Xl±. (*) ©XSlcfclt 
•5*e^tg±OS 2 W^Bie*^g©^*(i. ^rSAJW* 
^->zLX^eiII5E-r-SC<t^T#-5„ CCD 

(/n) cDx^icteits^g±c7)s 1 <b&mMmm 
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CDf&*. Xli. (7tO <DXglCfcCI-<5&l§II±<Z>3fl2CD 

[0037] 2 xis^ 3 omm\zmz*m&. 

i Nil. TA^T ig/Ti NJlCD2Jltgjg. gb<IJ 

T^e.A g ji/T i m<D2mtnmfr*>mf&t2>^iiWT° 

? -5 IH^H CdtJ C t. WT'Z -5. 
[0 0 3 8] ±IE<DH2(OBfi«)*afiE-r-5/t«>©IB3l^ 
©JBfi£3i;*li, Ag2C03^if4iUTffllNfc-fk^m« 
*fai;ilC«fc^C:<±:«:^<t-r-5. ifc-SlMiX. A g N O 

miZlt. Ag B r*IliH£UTJHl*fcft£6»B 

«TtU>ilcJ;-5C<h*t#aJ<t:-r^.<, Mfcii. Ag l *JS*4 
«fc UTffltxfcfl^ftffitf tBSlC <fc-g> C <h^^§J<tr-5o 

[0 0 3 9] ±IE(Dlg3Wafl*J«'^-r-5/t«6ro2ls:fg^ 
©CVDHBte. l^*4aS<t. CVDft>At, IS*43i 

t, iES*Mif4cD»^Ja±lcaDl^t--5m 1 CDt-*- 

W^ASP*J^*4«^Ja±(CjlPfgit-*S2©t-^- 

> zfmmmm t r z> c <t #t-# £ . 

[0 0 4 0] ±iB<D^3CDSW£af£-f •Sfctoro-SrSrt 
[0 0 4 1 ] 

,lz^E^il^Slf-C<tlC«fc^TJBfi£^n-5<DT% fit* 
SffiCD <k 7 IC 7 * h 'J V ^ 7 7 -f 1£ ffi&tf F =? -f X ^ 

*-=>^*fr3s&»fl*a:l\, |MM±0>&JIiZ 

[0 0 4 2] AgtigSftft&JIT&fb£tlJf(.\, Agfc 
Sftt^l 0 0" CJU±©SST-A g 0->A g +OIC 

MR-?** z\<oit#>&.W CffliggTAg otife^fc-a- 

"T. Ag©&<t<t$!l£«*:/«El\, £?t. AgA^^SffiJg 



[0043] *mw<»n2(Dmmz%2>m&m~&$>z>^ 
(is 2 xiiig 3 (r>mmz&%mm>j£-?jm\zz>K\T[i.. 
Agmjkzfcumfr<?&mmmmzmi&i-z<DT\ ai 

U*>*>. C ugCD^SliA ggT'MS^tlT 
[0 0 4 4] 1UT. 1I*#11,T. HffiffiJlcS^* 

1 <ommizmz*mwmm<D$imm'mJ2iV& 

10 1 OS§«llc^-5ie^fi£*;**l(iWr«<, 

7-HSS0IJ1 2 ICfcOTIS. *^W©H2CD^«||C^^ 

)SS-ittWr-5„ MIC. HSSWI1 3~HSfc0iJ1 5ICS30T 
li. *?H8©ff? 2 ©f®1»lc&3¥#ttj£M05B2*8*Iit;& 

[0045] (iissw i ) mmm 1 -njg^j 6 *3g 

mmz%z>m&iiii8.-nm\z&-tz>„ m i iz^m#mm<r> 
m^mtji-^mmm^Tjit^viz. nmmmm&mm 

20 (J. SflM 0±O^®1 2(CJf$flg$tlfc;"«a5l 4. ;1 

an 4f*uznmznfii&m<D£mMimm2 2^e>H!t-5o 

#iee|g§2 2lt TA^6Sg*)l1 6SytAgl20* 
6mfiS5nTlN-5. SSB1 6(i. T*^T ill 8A 

/t i nh 8 B<D2mmmT'$>z>. 
[0 0 4 6] mmm 1 oewea^u. (-<) i 
o±ic^^i 2&m&Usf=xk. nmm\ 2\zm%i>i 4 
^BK-r-5ie<t. (□) ;fsm 4rt*^tf«asi 2 

±IC. T^e»Sg^Jl1 6StXAg/12 0^e>fiR-5^S<O 
^MBESf^2 2^JBsK-r-5Xfl<t. (A)ffiill2l 
30 ©£HI213!J§2 2^f^*U. ;^SP 1 4P*3lC^MBS^2 
2^^-rxf§^e>fi5c-5<, Agl2 0OMlt Ag2C 

(/\) <DXglc*5 It «16^B1 2±©^MI2*S)12 2<D 

2o<rs.jj)\,*jj-}j)i'#>j y>j.j:mfr>bi$.z><, si 

02^e>fiE-5*feiitJl1 2^^ hy/i-tLTmmZitZ 
2 2 iSfe^S 1 2 (DMiRitZmmttT-eSim-r 

40 [0047] jut. ¥Wi*.mmm<D&3.<t)ts:-%imm® 

[0 0 4 8] [II- 10 0] mXU¥&#.mWifrZ>tiL 

-ssfti o±ics i 02 ^b^iiii 2&mf&-t 
z>. ifeiitjii 2o?f5fi)c^#^. «i]^tfmT©ifcu«fr 

<£ffl#* : S i H4/O!/N!=2 5 0/2 5 0 
/ 1 0 Osccra 

SffiSP^SS : 4 2 0" C 

50 K.t> 1 3 . 3 P a 
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J3IJ1 : 0. 8/xm 

[0 0 4 9] [Ig-1 1 0] t<0'&. 7^h'JV^7 

2IC»»1 4&mf£T% (0 2(7) (A) #89) . ft, ft 

<£ffl;tf;* C4F8=5 0sccm 

R F/19- 1 2'0 0W 

* : 2 P a 

[0 0 5 0] [IB- 12 0] fclZ % T*6t i »1 8 
A/T i Ni 1 8 B#>e>J$&e*JI 1 6*3|»1 4£^ 

Till 8 A(07fc/£ 



{gffl;tf;* A r = 1 0 Osccm 

yt«7- 4kW 

J±*l : 0. 4 7 P a 

j&JBt;£g : 15 0° C 

MS : 5 0 n m 

T i Nil 8 BCDmrfL 

<£mfi* Ar/N2=4 0/7 0 seem 

/f7 — 5 k W 

0 . 4 7 P a 
fliU : 7 0 n m 



[0 0 51] 130] -^CD^ IB ( A g ) J! 2 

0*C VD5t(CT±iB(CJBjSK-rs (S2tf) (C) # 
Bfl) o AgJl2 O0Off2/£(i, Ag2C03$ra<f:Ltffl 

tco <t u (t -r £ c i^-c* « o 

J£¥4 : Ag2C03 

JKHSKM : 1 7 0° C 

mmfiX Ag2C03/Ar/H2=1 0/25 
,/1 00 Osccm 

JE*J 2 . 6 X 1 03 p a 

Sffi*P!»Se :. 4 5 0° C 

cniC^T, SSI 4A«dbtblMl 2±CAgI 

2 0*»Ht«-r*. Agl2 OliTECDKfclCcfcoTJBdt 

Ag2C03+H2->2Ag+C02t+H20T 
[0 0 5 2] AgS2 0<DBf£<DtZlt>\Z* m 3 fC^f* 

D^t>A2 o o<h, mn&2 0 2t. mmmtc vd 

EV2 0 4*BK»<03tjSlJa±lcJPf»r*SBl Ob-*- 
2 0 6i, «*4*C VD5=-f >AcaiA-r*^»oc V 
D5 L t>y<iA82 0 8*fl(t4a)«jA$Lk(cttMr«M 
2COt-*-2 1 0 ±&ffiXTt,*Z>. §g2<Z>b-*-2 

i oii5>y*P!»ai«T*y, 57-21 2**Kite>n 



Tl*£. £7c, 352£>fc-*-2 1 Oifctifc-TSCVD 
7-*>/UIAflS2 0 *ifift<Z>E«2 0 4<Z)ffl#(Cli53l 
|2{CD&2 1 4^»(te>nTt\«. 03^ 2 1 61* 

s*i o*m&?&itib<o^>7mwgm* 21 sot 
»i$#;*aA». 220 [*mm 2 0 2 £AQ 7c A& 

(Dt-*-T'^o $1^20t-*-2O6 ( 2 
1 OlCcfcoT, Ifig 2 0 4MC VD7^>A®AgP2 

0 8F*3^3iEnSAg2C03^(i^"Cfe€> 2 1 8° C 

10 [0 0 5 3] [IS- 1 4 0] ftiZ. / T=i}l)l*J)-ft 
;UtS U-/5/zl?SICJ;pT«SS1 2 _t<7}A g H 2 O&tf 

1 4^icAgji2 o&t/gg*/i i 6*«u &jse*sji 

2 2^e)«^8*M-r§ (s i #i) o 4-s*;u;* 

EfJgZTV- hisJ^Sfc : 37rpm 
ttfiftftftSIGft 1 7 r p m 

20 EfJgJE*) : 5. 5 X 1 08 p a 

/t«y KiSS : 4 0° C 

I 2 + K I (05B^7jc*)S«:fflt\T, ^5^;U>73-7J^ 

[0 0 5 4] fi£3feS i 02*WJBrsa«li^7 , J- 
(S i 02&<Z>ffifi9J+KOH+*) 
U-TS i Oz&mmTZK* 

rtfc^-[C7HSL&i\7c#, WjSLJS^HlcJ:ys«rt 
<D wmw (D^tBit ic e> ^ £ D 5 £ I ^ ffiStfitb 
Ag-Jl2 0"»tfBB»JBl 6«BfBf-5«^ 
30. -SifcBtfT, I 2 + K I 0-S^*5S«TW*r*C. 

[0055] ctifCctoT, ¥is/j:«aei 2icaa&a 

Stifc£JIE»J!2 2j»&ja«Ea0f?lgJ&£ft«. n«s 
l^Uy^ h/^-z>^IWK7-fX7f>^ 

40 T££> e E«±<D*68JS(D^S^^^*fe8fli 

[0 0 5 6] (SMS«2) S«g«1 ttftJBl 2± 

0>AgJB2 0&tfffi*JBi 6^6A«AHEIMi2 2-0) 

D6fllJ2IC*HvC(i, IC, K5-fX^>$f|C 

efc^iy 9=7* y * >£ ICT^SE^H 2 2 «. 

[0 0 5 7] [£JIE*!gJl2 2©lyf>yii] >13S 
50 1 4£#frlftl§JI1 2 ±lCJBj«3ttfc A gl 2 O&tfffi 
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SJB1 6£, m7Lli&LT<D2ki*<DF : 5'(JLy3 L >#miZ 
2 Ofr&jA&ftjHBi*A2 2*»ir. 



R F/f7- 



N02/02=2 0X2 OSCCHI 
8 5 0 W 
1 OW 
1 . 3 P a 
1 0 0* C 

[0 0 5 8] (HS60IJ3) HSS0lJ3(CfcOTIi, USS^J 

1 <d [ii- i i o] t. [i§- 1 .2 o] t.<omz x m 
H»-c*y. mnftH«»«K-r«. ut. mmm3<o 

ill 2{c < fc3SB5iJli 6 0Bft*Hfi±t*ci*"CS 

[0 0 5 9] .[tM ;U2 6(DMI§] ISP 1 

S i N12 6 A****** (S5CD (A) #88) . S 
i N/12 6A(DMftM, JUTlC0j5F-r*o 



7 2 0 seem 
EE* 



S i hU/NH3/N2=1 8 0/5 0 0/ 



2 0 0° C 
4 0 P a 
1 0 0 n m 
[0 0 6 0] S i 

^"T^ (i5(0 (B) #JH 



Nil 2 6 A«4iilyf;ty 



RF/W- 
E* 



C H F3= 5 Osccm 
3 0 0 W 
2 P a 



XMSffHO [11-1 2 0] - [X 
fi- 1 4 0] £«£T. (C) lC»riEIR«»«)B 

[0061] (HBfe^ij 4) i6 izmj£mt£-mmmm& 

ffi*Sfi^6A«X«1 0±(DS1 4>feM-1 2 AlcflS 
/3cSftfcBIJPSn 4A£, Sl«11 2A±fCJKfi5c 
3*lfcS2CD»«SJi1 2 BlCJE«an/t9tWl 4Bt 
BHQS1 4AW191 4 B lcade>i&*tlfcffi»« 1 6 

MAgl2 0»6A«MEM2 2^&«J«4tiT 
H*. COlf^ Bangfl 14 A(0flHSStf3l8&1 4B(D 

cfc^o nasi 4 a*&jsk»ji2 

CtlCcfcoT* Tliftl V-X- KU>T> 

«HS3 6) 4 Brt<oE»2 4<h^aawicffi«i 
[0062] mmm 4 oe«uba^%». mmi 1 t.^ 



10 



20 



30 



40 



50 



2 aichpssi 4 a*, sis i <oj6»si 
2 A±fcjEjsitsnfc*2ojftjiJB 1 2Biwian 4B£ 
nsAu^tt. itn 6&tfAgjg2 o^e>A«ME 

2 2 TgflPgR 1 4Aatfl»1 4 B«S«>i&»EtS 
^2CO$fe^Jl1 2 B±<D&RE|8»2 

JUT. ¥9tt£B«0«^fta-ffiffBBT*&H7& 

So 

[0 0 6 3] [II-4 0 0] Si (10 0) 

¥«<Ufi^6lSdi»l Q±tc, a^o^arc*** ■ 
nw3oatfy-MW3 2t«««. aut, l 

;U3 4*«JSM-*fc«XCS i 02§l£ifffi;*t!:&o S i 

{^ffl^f^ : S i H4/O2/N2= 2 5 0/2 5 0/ 
10 0 seem 

: &m 4 2 0 ° C 

EE* : 1 3. 3 P a 

0. 2 5 At m 

SfC, S i 02m<D±MJLvT/*v£$:i = riy ff- MH 

«3 2 roffiijiifc^— htf>r k^^--;u3 4*»«-r«. 

ffiffl^fX C4-F8=5 Osccm 

R F/t"7 — : 1 2 0 0 W 
J±* 2 P a 

■t©*, V-A ■ Kl"f >t£*£3 6 <DJtm<Dfc#>lZ. ^ 

As 20KeV, 5X1 0 1s /cm2 

B F2 2 0 K e V, 3X1 O'S/cm^ 

^UT, 0 7(7) (A) (C«a««:-»»BlHTS-r« 

[0 0 6 4] [II- 410] S i 02 Atf B 

PSG0 21^6«§S1 4>t68Hl 2A£. «*fitt 

S i 02-H4>fl£A 

^ffl^f^ : TEOS 5 Osccm 
IE* : 4 0 P a 

AS • : 7 2 0 ° C 
f&m 4 0 0 n m 

B P SGJBGMEJSE 

«£ffl^f^ S i H4/PH3/B2H6/02/N2=8 

0X7/7/1 000/32000 seem 

ag 4 0 0' C 

JE*J 1 . 0 X 1 05 P a 
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JjgJS 5 0 0 n m 

[0 0 6 5] [IS- 4 2 0] ;*!C, S i 02^&J«-5 

2B^iii:M«, £2 1 
2B^ «^.tfJUT(0jfefrT>BJSIt-r-5Ci:^T*-5o 



1 0 0 seem 



S i H4/02/N2= 250/250/ 



mm 

[0 0 6 6] 



4 2 0° C 
1.3. 3 P a 
0. 8 /xm 
[IB- 4 3 0] *<D», 1 <D [I 

1-110] <tB«lc, 7*MJvy57-f«MBfttfF 

7>fl7f>Wliaot, 3fS2<Btfe»Sl 2BIC9I 
01 4B£JgjSrr<5 (0 7 CO (B) MB) 0 

[0 0 6 7] [H-4 4 0]*^ l/y^h/t^- 
=>y»K5^xyy>y*ir3cd:CJ:oT, Ml 10) 
f6«V l 2AICBHP8P1 4A»n (0 7 CD (C) 
MB) o CCT, ^SM 4 B0)fi«:ianS 1 4Afl)S* 

ffiffltf* C4F8 5 0 seem 
R F/t9- : 1 2 0 0 W 
JE* 2 P a 

MIC ■□»rt(C-f*>aA*f75CtlC < ty. tt^fll 
1 1 00° C, 1 0 8©gttft7-- 

As 2 0 K e V, 5X1 Oi5/cm2 
PS?*4UI'4>JBlft 

BF2 2 0 KeV, 3X1 OlS/cm? 
[0 0 6 8] [Ii-4 5 0] fOS, MMH3 0 [# 
-f K^*-;U2 6 0JE*Xe] <fcHB*lC, *HIC^X 
VCVD;£ICTS i N@£ff$/StU #a>"C\ S i NJ1£ 
iliyfyty^UT, MP AM 4 A OWJg&tfSSB 1 

4 Bofl«i:s i N»6«« *-r ^^2 6eM 

nc^atl/U ms<D (A) MB) o 
[0 0 6 9] [11-4 6 0] )XlZ % T^bT i H/T 

i Nmfr*>mz>®mm^ 6«hp»i 4Asoti«i.4 

B 2 OlftUJi 1 2 B±lC^/ty*aiCT«J«-r 

coiaa* ussfijio [ii-i 20] 

[0 0 7 0] [Ii-4 7 0] CO [X 

S-1 3 0] tlH|«(C. Ag2C03$lf4<i:UtfflUfc 

ms<o (b) mb) 0 

[0 0 7 1 ] [IS- 4 8 0] JfclC, HJS#J 1 <0 [IS 

-ho] iH«c, <t^^;u>^-^;utHu y^na*. 

(C<£oT35 2CDSlfe*lJi1 2B±OAgl2 0&^fl 



1 6*<b*«at«i«W(CW»L/T»*U» 3191 4 B 
rt&tfUmSM 4 ArtlCAg®2 ORj/gg^Jli 6^g| 

(B6MB).. Hatf'l 4 Artlc£JlSM!gJi2 2 

;U) *fc. XSM 4 B|c£JIEi8iJf 2 2 

jvade>asti/tE»2 4 

[0 0 7 2] ft. Agl2 OMSfil 6^&A«ft 

[0973] (njgtfij 5 ) 5 it. nmm 4 
Mt»&i$Lj3}£tfnmm4£mmTz>o si© 

16IM1 2 AIC»lt6tl^lBP0.1 4 A£Ag*>&Jdc4 
&AEtMsmTS«>&»ttlK?L2 4 A*ft«*l±, Jfcl\ 
T\ -to±lcJB2-olMWii 2B^i|l$^ 

2 0&S8B 1 2 BfCXflM 4 B*JEJ5R-r-5jSA«SI8IS«4 
<fc«i*r*. Hfi6«5lcfct\TI^ [Ii- 

20 ,4 0 0], [Ii-4 1 0] M [Ii-4 4 0] ttg 

tfHl oeMBUT. *«6«5©^5t*KMr*. 
[0 0 7 4] 

[IS- 5 0 0]- [IS- 520] Si (100)0 

¥*«MME*&Jft«S4tl-0±(c. B*®J»kTX?# 

DD>f;*->;±A£*7^*:&, KIM K9*-A3 4 

£JBfi£U V-*- KI/-T >*« 3 6 (OmtiKDlttblZ. 
^tt»-f*>aA*fr? 0 *<D«, S i 02&tfBPS 
30 G0!)2|»6a«MlOlfiaWl 2A^ t #Jx.{fCVD 

a(cT*Hic»j«u. y-7P-»«fitv «i <z>«» 

11 2A©?Sft*ff5. #OT\ $1(D»Si1 2 A 
(C, U^Xh/t*-->^&K^x^>^|cT§fjP 
gpi 4 A«ffiU BBPBrt(c>f*>aA*fT5C4:lc 

5, Ctl&OISfi* HJg^ij4CD [IS- 4 0 0] , 
[IS- 4 1 0] Htf [IS- 4 4 0] £EI«i:-r*c 

(■»■&•*') *BBP«1 4 A<OfliJB(CJBj«LTt>«fcOc 
40 [0 0 7 5] [IS- 5 3 0] 

[is- 5 20] <o», jutfnfe [is-i 20] i 

mVkO'fj'A'V. T^6T i /T i Njfr&dE&Ml <0gg^ 

si 6A^±®(c^-r^ 0 *i\-c, nmmi<D [is 

-1 30] <tH«0*-;S-C. Sl(DAgl20A$CV 

gii2 0 Afl>e>j£*3s 1 o>ftjaE»Ji*JBfiS-r* (H9 

CO (A) M) o 

[0 0 7 6] [IS- 5 4 0] t<D'&. 
^;UtR'J yi/zLJ*(CTSl 0J6»B1 2A±(0|g1<0^ 
50 lEfiS^HtiU, §§P91 4 Art(B*(c35l (B&IMB 
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I2 0A, 1 6A£S£f- (B) 0 

^;U>^-*^U^5>iL<D*Wi, USSCTico [IS 
-14 0] £®m<tTZ>^£tf-C2Z> 0 cnic^or, 

hqvi 4 aicsii o*«E«Ji^a»a*n/tHffwa ' 

Xy^V^aHCcfc^Xy^Ay^fCTHnVl 4ArtO 
*IC*1 0 A, 1 6 A£8|l/T*>JU\> 

[0 0 7 7] [Ig- 5 5 0] aUT, ±ffilCS 1O2 
0>&a&ff5 2 4>fcflMi1 23£m&L-fZ> 0 S2<Dt6»S 10 
1 ff"J^(fHS6fflJ 4 O [IB- ,4 .2 gX...£W«<D 

*JS«4<D CI 

8-4 3 0] <tfsJ«lfC, 7* h»J Wzyj&ffi&XfiP 

SP1 4B«Mt5 (0 1 OO (A) #1R) o -t<0», 
ifcglCJS&CT. H5g«4(D [Ii-4 5 0] tPI«lC, 
±HIC^5X"7CVD5SfCTS i NH*J|gjftU »l\ 
s i NK4lxyfA7^u ctilCcfc^T, ;1 

VI 4 BOflOBlCS i N*>e>jSi*1M mTjk 
iff) «JBlKUTt>J:0. 20 

[0 0 7 8] [IS-5 6 0] jtfli«-1 <0*[I8 

- 1 2 0] <*:|5]«|CD^;S-r, I$30n m(t>T i ^6flc . 
§S2^fl1 6B£;1V1 4 B£#fr3S2<D|fe»H 
1 2 B±IC*/t?*SGTSjSUk*. HffitfiJ 1 <0 [I 
8-1 3 0] £|5)ti(D^;£T, |g2<DA g!2 0 B^C 
VD»fCT±ffilCfiJWU S2 0S181 6B<hSfS2<£> 
AgJ|2 0B»&lS«M2O*aEflUI*}BJttr«. 

[0 0 7 9] [18- 5 7 0] 
*^7BUy>iaiCcfcoTa2(Z)|ft«JBl 2B±(Dm2 
(D^Iii!«8 2 0B, 1 6B«»iU »V1 4Brti: 30 
ff2OAg«2 0B&tmi2a>MMl 6B^U IE 
»2 4*M« (01 0<D (B) #B8) . >r5*;U;* 
*-*;U*«Jy>a.OgfefH*. HSfi«itf> [18-1 4 
0] tB«t«cij*w*. 

[0 0 8 0] fiSj, ^^U^rtxJiJUtf 'J y vzL;ilCct 
oT35 2<D$fe*iJI1 2 B ±CD§S 2 O^iJlElSJl 2 0 B , 

1 6 BeNt£r«ttt>'J (C, XJE0|2<!:mtt(C, Ig2tf) 
&SE«B20B, 1 6 B*K5-fXy^>^a6lCTI 
y?7ty*U CtllCcfcoT, jgVl 4BrtlC0>*8&2 
0>&JIiE8g/l 2 0 B , 1 6 B^SU 31V 1 4 BF*](CE 40 
*g2 4«JEtt-r*Ctt>T*«. 

[0 0 8 1 ] (mmm s > uss^y 6 (inss^j 5 ©bbt 
*-5o mm e&mmms ^#>§3pv 

1 4 ArtlCC VD;SlCT^>^-r>^^^J58t-^ 
jAC*S. UT, 0 1 1 e#HUT)UM6®EIM&g 

[0 0 8 2] 

[18- 6 0 0] - [18- 6 2 0] Cft6>0)IHte* 
j|«Sffll5 0 [18- 5 0 0] - [18- 5 2 0] 
<£TZZ.£tfV2Z> 0 50 



EE^l . : 

mm : 

[0 0 8 4] 



R F/t«7- 



[0 0 8 3] [18-6 3 0]' 

[18-6 2 0] <D'&. T i /T i N»&a«/tU7JI- 

>4fXT>m 4 2 « C V DSS cr/awr* '(HI 1 CO 
(A) #R) . T i T i N©ai*ft€: t «X.liSt 

ffifliji [I8-1 2 0] 'tH«fr £c<h;&*-C£r<5o 

WF6/Hz=9 5X5 5 Osccm 
4 5 0° C 
; 1,.. 1 X 1 0 4 P a 
: 0 . 4 u m 

[IS-6 4 0] K5-fXyf> 
yaCTXyf/ty^tfflV SPI1 1 2 A±CO 

^ >^7f>i 4 2 U 71 4 0 ^ISSLT, HQ 

an 4 Artco^(c^>^x^>^4 2^6j«-6y^;uy 

7^MA'J7l4 0^t (01 1 O (B) #88) o 

S F6= 5 Osccm 
8 5 OW 
1 5 0 W 
1 . 3 3 P a 

ctilCcfcoT, MPVi 4 Aiz*>^;*^>#S«>a$ 

2 4A«*JB«*n*, ft, K^>fx^^>^>i(Cct^x 

JifCcfcoTRJClVl 4 A^C0^fC^>^^>/l4 2S 
tfA'JTJf 4 0£BlUT*>cfcUo 

[0 0 8 5] [18-6 5 0] ;*INT\ ^rSfCS i 02 
;&>&jffi<5l&2<0»»«1 2Be««o Jg 2 GOjfegiJf 

1 2B£, 0lJx.l£H56ffi]5<£> [18-5 5 0] 
*ftTMt5Ct^-5, *<0«. .H«§«5<B [I 
8-5 5 0] tR|*rc. 7*h'JVy77-f«*StfK 
^Xy^>y&fijfCcfc^T, S2C0ffi^gl 2Bl:| 
91 4Be««o (88, »Vl 4 B<Z)it§£^PVl 4 

[0 0 8 6] [18-6 6 o] ;*ic, mmmscD [18 

- 5 6 0] tmm<DJj}£T\ 3 0 nmJ¥££)T i 
3Sg3tJll 6«ftVl 4 B£^tf3l 2 <*>»»« 1 2 B_h 
fC*Ay*>£lCT^J0cU/!:^ HtfEMlO [18- 1 3 
0] Agl2 0^CVD;SlCTiIl: 

fiJcIL, SBSS1 6<tAgS2 0^e>«^^JBE«iB^ 

[0 0 8 7] [18-6 7 0] ^ffiflnjl <D [I 

8-14 0] iH«©*ST, $2 0ft!»S 1 2 B±0 

tXlCcfcoT. >^gP1 4 BrtfC<Z)*&HE»«*aL, ;1 
VI 4Brt(CSg^/11 6SCXA8H2'0^6jtt«ftHE 
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IW*6i*sn/tii»2 4*B*« (Hi 1© 
. (C) #HS) o 
[0 0 8 8] (HJfi«7) HSfc0ij7~HSS#J1 2 14* * 

n<K>R 2 omicft«¥ii*KBoii!tMiaacnfi 2 

Ott«fC««EIIBJft*»K:Br«. S i 2lc#j*«E 

tt»r*. 8<*i o±oBBBi 2(c*«*ti/tS«»i 
4, 3ISS1 4rtlc»j«2ttfc£Jl<&&BE»B5 0#>e> 
ABEBB5 Of** -TJ^SffiBBS 2. CuJi5 
4MAgl5 6^6)««StlTl^. gf!5 10 

2(4. T^e>T i!52 A/T i NJ15 2 B(Z)211I 

[oo89] nsfiffy 7 ommmmftmt* <-r> i 

0±fC«»«1 2*«*U/t», £BB1 2IC*V1 4 

tMrsiit, (□) 5»wi 4£#tj»»«i 2± 

[C, T^5Sfi5 2, Cul54RtfAgi56^6 
A«»J|(DftfllEtMi5 0*JB««iat % (A) tft 
811 2±©*«EtWB5 0.*»4Lx. B9i 4 file* • 

[0 0 9 0] 81152, Cui54atfAgl56<0 20 
flgdUi^/1?*SlclCTlT3. (/\) (OlglCfctt 

£*6»«1 2±(D£KE«B5 0<0»*li, &BEIKB 
5 0O<r5*;b;**=*JU7|SiJ r >ali*6jji« 0 S 

i 02^£>j£&&jttJ|1 2«:^hy/t-iUT«tBS-&' 

MEtll-5 0<hlfeSJI 1 2 0BKJt*BB*STne 

[0 0 91] JUT, ¥Btt£B*<bB5£nfe-SWrBH 
T44H1 3t#il/Tv MEB7 0Ett&jtt*&«A 

#M(cuiw-r^o 30 
[0092] [is- 7.00] mx.ii*B{*mmfrt>iii 

0±CS i 02^&««»IM1 2*««-r 
£o BBB1 2 0JB«*#*. mtfUS&ffiJ 1 <D [II 
-1 0 0] 4H«<fr-5c:<!:*fT*-5. 7* h 

U V ^ 9 7 -f Stffi&tf K x y y-V^aWlC J: o T„ 
BBBl 2ic3t»l 4 «»j«-r* 0 N % 31 AS 1 4(40 1 

<DSM**\ XifcffliO [ii-i 1 0] £le]t£<hiJ-£c 

[0 0 9 3] [11-7 1 0] TObTil5 2 40 

A/T i NI52 B»6A^S115 2 £itgP 1 4 £^ 
frt6»Bl 2±iZX/ty*miZXmf&T Z> (il 3(D 

(A) #B) o §g^B5 2* % B*.filtffiBi cr> [IS 
-120] 4B*ir*C±:*i-e**. 

[0 0 9 4] [IB- 7.2 0] ^tf>&, i(Cu)l5 
4*^/t»y^;ilCT±SIC^JS!cf -5 (Hi 3 CD (B) # 
SB),. Cul5 40M*, ffl7Ui&LT<DX/*v*£kn 
lzxi=roz:£ftT»ZZ>o 

mmfi* A r = 1 0 Osccm 

: 1 0 k W 50 



JE*J : 0 . 4 7 P a 

JSKiBa : 2 0 0° C 
8§H 5 0 0 n m 

[0 0 9 5] [IS— 7 3 0] ^<D&, m ( A g ) 15 
6*X/ty^5SfCT±iffl(C»fiK-r-5 (B1 3© (C) * 
m) o AgJl5 6(DflgfiE*\ «*tfJUTG>*#<0*/ty 



ffiffl^f^ : A r = 1 0 Osccm 

— : 1 0 k W 
JE*J 0 . 4 7 P a 

J&KSX : 2 0 0° C 
fllH 1 0 0 n m 



ZLO l/TC uf5 40SBtfA g B 5 6 TttBS+l-5. 

[0 0 9 6] [11-7 4 0] SfcKl/'Sf**^**:^* 
JUtfUyS/^SlCcfc^TfeBBl 2±GDAgJl56, C 
u|5 4StfSfS5 2^<k^WS^«ttM(CWSUT 
BSU BSP1 4rtlCAgi5 6, Cul5 4M$f 
■ 5 2tJjlU &KEU0B5 0^6fiE^E»*»fiR^ 

(01 2#B) o ^s*;u**— ^Utfyy^a/lCli, 

H4ic^-rwasiB*ffli\*o $-5*;k**x*ju#y 

WBZ/U'— hB©R 37rpm. 

S^«HI^IsIIe» : 1 7 r p m 

EFSJE*! : 5 . 5 X 1 0 8 P a 

/1y 4 0° C 

Agl5 6Cp^^^;U^^-^;U7tt'J yzsnmiZ&Zm 

I z + K l"<0a*7jc*JK«:ffll\^ o C ul 

5 4&^e*l5 2©$-5*</u**-*<M*y ^y^i 

lC<fc*B*ICf4K4F e (CN) 6 + H20^fflO§ 0 

[0 0 9 7]8E*S i p2*wB-r*«^(*^^u- 
(s i O2S<0fflSSJ+KOH'+7jo 
U-T'S i 02*WB-r**. 

£0 Agjf56, C u«5 4&ytSBS*5 2*0ffit5 

X^'J -*!&B<fc-t**\ l 2 + K l <£>>g^7k>§ 
X. WK4Fe (CN) 6**5STWBr*C<t-C. A 
g!56> C ui 5 4MM1 5 2 ©*€:8it4C 

[0 0 9 8] CtUC<fcoT\ ?S/j:|feBJ|1 2{CJi#>& 
*tifc&JBE»B5 0^SJ«£E«#»BJ5R3tt*o HSfe 

n 7 icfctxTi*. ftx<D&imi&ijfe<oj: v fc&BEts 

BH* xy^>^#W-£«i:*B«*B*r*c&** 

[0099] (mmm s ) uss^j 7 mmm 1 2 ± 
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OAgl56, C u!5 4&tfgg3lB5 2#6*£<5£JI 

Tfro^o *SS«2(Ct5C\T(i, "ZOVtfrV IZ. 
*vT>#lZj:ZJLy^Ay?m\ZT&mRmm5 0£ 
R*5Tr<5o fSh f<DiOIilitt«7f:H«TftU, 

[0 1 0 0] [AIBIiSOOlyf^Ii] »S 
1 4£#tf|&»Bl 2±lCJBJ5ESn/£:AgJl5 6, Cu 
15 4MSfi5 2£. «AtfttTp*fM>K5*rx 

yf>^i»CTiyfyty#U 191 4rti:SBfI5 
2, C u|5 4&tfAgB5 6jfre>J5g£&JlE»B5 0 



R F/19 — 

Cul5 4S^g 

V-f ^P>£/t9- 
R 

SttttlMSLS 
[0101] 
7<D [Ii- 



N02/02 = 2 0/2 Osccm 
8 5 0 W 
1 0W 
1 . 3 P a 
1 0 0° C 
5 2<DXy^>^ 
O2/C 12=1 0X7 Osccm - 
1 0 0 0 W 
3 0 0 W 
0. 5 P a 
3 0 0° C 

interns ) nmm9{zj$i\Tiz, mmm 

7 10] t [IB- 7 2 0] £<DfHlC, m 



j*-r*ifi«Eic*tj. ^coffecDigiinssw 7 <h 

RMTCAU* tttBftKMatfK-r^. JUT. Sffi*19<Z> 
•1M *2 6CDMIi« t 01 4*#BBUTtt 

MM 1 2 fc £&S*B 5 2 JSlUC u B 5 4 tf>BHb*W 

[0 1 0 2] [tM F0*-JU2 6(OMIl] XB1 
4M^bCMl 2±0±fflfC^XVC VDJSICT 
S i N«2 6 A£ifa£i±<5 (H 1 4(0 (A) MS) 0 
S i Ni2 6At4Bl^y^« (B1 4 
<D (B) #BB) o S i N12 6A(^)M^ttMX7f 

££ e CtllCcfcoT, 1SP1 4(DffilJBlCl*-< K**- A 
2 6#JB/S2ti£ 0 JUB, HfiSW 7 (D [IS— 7 2 0] 
- [Ill- 7 4 0] £SgT, 0 1 4 CD (C) iZTjk-f&m 

[0 1 0 3] (HJS0IJ1 0) HJS^J9 lC*5t\T(4S i N 
*6*«»-f K**-JU2 6*SB»i 4(D«iJBfc7fcfiSl, 
/io CtlMLt, HSfc«1 OlCfcCXTIiAg (ff) fl> 
W^K-J^-MMt^o ffl, ^(DffeOISfiUSS 
«7<fcHirc*U. tttnttKH(±«NH-<&. jut/hjs 
«1 0©W K-S^-^KDflgjSlilStKWr*. AgA» 

1 2lC<fc£SB»S5 2&tfC uB5 4 0DKfl:*IRjhr« 



10 



20 



30 



40 



[0104] [Ag^ffisw k**- suo&jsx 

S] »«1 4rt*dt/*««1 2±<0^r®(C^/\°^^;^ 
lCTAgB*i#»*-a:S. ;*IC, AgMifl^fA 

AgjB<ojBfiSft#atfx-/^A^^<7)ftf* 

Agg^J5£^# 



A r = 1 0 0 seem 
4 k W 

0. 4 7 P a 
2 0 0° C 
1 0 0 n m 



R F/f7- 



50 



N02/02 = 2 0/2 Osccm 
8 5 0 W 
1 OW 
1 . 3 P a 
1 0 0° c 

ce> ur, mr 4\z^rc£ftm<Dit<<( pox-ji'Zm 

8P1 4<D«JB(cJEJ5Ef *ci^-C**o JUH. HSteff>J7 
<D [IS- 7 2 0] - [IS- 7 4 0] *»T\ 01 4 

[0 10 5] (Mmm 11)015 lc«5tMfc-»KH 

H*«fi«t« 1 1 osmmmit. mmm 1 t^mts: 

tj % ¥*ffWK»6A«Sf>l 0 ±<D35 1 4>feilB 1 2 
A(C««$n/tBPWl 4 Act. ^1<D«S»«1 2A± 
izBtfLZftlzm 2 4>fetkB 1 2 BlCJE«Stl/l3iaPl 4 

B<h, nam 4 A»tf«an 4 Bicsawa am/tag* 

B52 v CuB5 4MAg§5 6 &]SG«B 
5 0^6«ric*tlTt^*o CCDH^, HDtfl 4ACD#J 
K&tfXBl 4 B<0fflijffllcs i N*»&j«*1**r 

;u2 6*»j5itLTt)<fco. nasi 4a^ie 

IW5 0Ti»atoc4lcJ;oT, TBiittB («* 
tf, • Kl/-f >««3 6) tlSP1 4B|*9CD@SIS 

5 8 i#wftwicie«sft*. 

[oi 06] ussffij 1 i o&mmnttmts mmm 1 1 

<7>|£»B1 2AfCBBP»1 4A$, £fc, Sg1<Dfc»B 
1 2 A±(Cfl^$nfc£2<D«»Bl 2BIC»8B1 4B 
*JBfiEU^:» v 8B»»5 2, Cul54WAgjf56 
^6J5R*ft«E»B'5 0TBBPS51 4A»CK»gUl 4 B 
«l«a»EMHKMr«. S2(D|fe»Bl 2B± 

T^*$n^o UT. ¥»#SIS^cD«iCM^-gpgffffi 
0T^^>01 6*#BBL/T* ^SS^JI 1 CDEWBA^S 

[0 1 0 7] [IS- 1100] Si (10 0) <o*w 

fts«^e>A^s<*i o±ic, mo^acTXT^iM- 

«3 oatXy- h**3 2*JB«-r*. LDD 
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>&A£*7?o 

[0 10 8] [II- 1110] ^<E>&, S i 02&tf 
B P S Gtf)2/l;^e>/£<5S?1 <D*ftiUl 1 2 A*. 

c v pm\zT±wizmi£i,s U7P-«ii^mv si 
otetra i 2 a ® *p*nb*fr ? o 
[01 09] [ii- 1 i 2 o ] *i\-e. us i (ot&mm 

1 2A±(C, S i 02ft>£j£&3F5 2<D&tM 1 2 B£ff2 
dclT5o 10 

[oi i o] [ii- 1130] -tosL m2<D$mm 

1 2 B(C'3I»1 4 B&ffif£T£o 

[01 i i ] [ii- 1140] Mic m 1 (Dmmm 1 

2A[C^Pg|51 4A*M«, #OT\ §SPSPl*3lC>f 

[0 1 1 2] W±OIS(i. %KEffl|4CZ> [Ig- 4 0 
0] ~ [11-4 4 0] <tl^«<fr-5Ci:*«T*-5 0 
[0 1 1 3] [1*1-1 15 0] HSS0ij4tf> 
[11-4 5 0] <hH«fC. S i N^e>^-5t»->r 20 
-;U2 6*IBnSl 4A&tfft»1 4 BGHIKICJBjSI, 
Tt><fci\. Ja±coiglcj;oT, SI 60) (A) ic^-T 

[0114] [ii- 1160] ;*ic, t^st i m/ 

T i Nl^jS^StH 5 2 £IHPg|5 1 4 A&tffttf 1 

4 B£^frffS2coiS&;&lJli 2 B±lcx/tu/^;i(CTJBJ5S 

■r*. conn ussffijico [ii-i 20] &mt' 

[01 1 5 ] [Iff — 1170] USSfflJ 7 CD 

[IH- 7 2 0] <tra«(C, Cul5 4$X/t7^SC 30 
T±WlZM!£TZ>o HSfcff"J 7 <D [11-7 3 

o] tmmiz. Agi5 6&x/*y*mizT±mizmf$. 

?Z (0 1 6 CD (B) #B8) o 

[0116] [is- 1180] t<Di£. mmm7<D 

[11- 7 4 0] tmmiZ* <r**J\,*jl-jlJl>7tiJy 
is=LmlZJ:^^Tm2<D&mm^ 2 B±GDAgJl5 6, C 
u!5 4&tfffi5iJl5 2^{b^6*J&tX^«fl<J(C^SUT 
R£*U 1S1 4BrtS^PSPl 4ArtCAgl5 
6, Cul5 4WSfl5 2^U ^IISH15 0 

*»6«*«i)iaat«E>i*jB«-r* (01 5#sa> 0 gp 40 
mnvi 4 Artic&jBKts«5 o^asn^s 

i(8E?L 5 8 A (ffj^tf, ffim^>*# h*-;U) 

n^>o ssg&i 4 b ic&sie»8 5 0 ^a»a*n 
[01 1 7] m % Agi56, cuii54 Rz/mmm 5 

[0 118] (HSS0IJ1 2) HS&0IJ1 2(S, H^0IJ1 1 50 



ommv&Zo mmm^ 2 oEMnsuxiBffi 1 1 

EMieaA'S^IUBfll 1 ifiilt*. BP 

sgi(Dtft»si 2 Aic^(te>nfc^pa5i 4A$c 

S -e<0±lCSg2<D«i»Bl 2B£±tffl£l±, ^ 

»«ff 2 1 2 B CXflS 1 4 B ««Ar«jAtfll 

semi 1 tmm-r^o ssgoti 2tzm*xit* mmm^ 

1 <D [II- 110 0], [II- 1110] J&Zt [I 

1-1 1 40] i4w«©xaT*y, ^(Df&oii^s 

ft*. JUT, SI 7^#iLt, XtttiM 2 0S;i^I 
[0 119] 

[II- 1 2 0 0] - [II- 1 2 2 0] Si (10 
0) 0¥«(*Sfi£>&JS«Stt1 0±(C, 

*^#«««3 oMy- h^3 2«jBj«-r*. 

L DD>f;*>;±A£f7o£:ife, hlt^r 

*>;±A£fr?o ^tf>*£, S i 02&tfB PS 
GCD2S/^e>m^Sl <D«5»B1 2A$, WxtfC V D 

II 2 A<£>¥*Hfc£fT?o #UT\ ftKOfetMl 2 A 

91 4 A6JBAU mn%L[*l\Z>(*>}±A&?TO^£lZ 

e> e cnecDiifi, hss^J4cd [ii-i loo], 
en- n i o] a* [ii- i 140] <tiHiti<h-r 

(HStrt*) £BBP8P1 4 A<D«i]»(cJK/SUT*>J; 
[0 12 0] [II- 12 3 0] 

[ii- 1220] <D'ik. mmm i <d [is- 710] 

£mm<DJ3&T\ T^bT i /T i N»6jS«M1 <D8B 

ti5 2 A*±aifcjBflE-r-5o nai«7<D [i 

1^ 7 2 0] <tH«O^S6T, Sl(0Cui54A^X 
^y^a&(CT*HlCjaWL, mi COSg^@5 2 A £311 
OCul5 4 A0>e>J5fc*3Sl O^JiEI8S«:JBffi-r«So 
[0121] [II- 12 4 0] *:<b'4ks 5-**>)l*J] 

-tu^ij yis=L : ,£izTm 1 (Dttmm 1 2 a±cds 1 <^ 

^IlEftH^^U, PUPSfSl 4 Art(D^(C^1 CO^M 
iS^® 5 4 A, 5 2A^t (01 7 CD (A) #18) 0 

[11- 7 4 0] (DC um<D<r*ttJ^*l3-1J)^^ v 

i 4 aic^i <D&m&mmt)mi6&3iftfc:mm^>*2 

h^-;U5 8 A^fiJt^n^o <r5 ^;U^^x^;UtH'J 
y>o.;40fttoyfC H«te#J8<hf5H£le, K^xy^ 1 

^ajCcfc^X^^/Ky^jCTBBPffll 4Art^>^(C|g 
10ftIStl!5 4A, 5 2 A£g|LT*>ckl\o 
[0 1 2 2] [II- 12 5 0] ±®|CS i O 
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11 2B^ m?ui mmm 1 i <d [ii- 1120] t 

ICO [Ii- 1 13 0] £|h)«IC, 7*HJV^77^ 

1 2 bic*bpi 4 B&mf£?z>o t<o'<ks tomizgfo 
x\ nmmi \<r> [ii- 1 150] <t^«ic, ±m\z 

^7X7CVDSl:TS i N|f£7B/SU #UT\ S i 

offiijiiics i Na>&«*iM k**-;u (Hattm £ 

«J«Lt)Tctt>. 10 

[0 1 2 3] [II- 1 2 6 0] #ZlC. H8fc#j7<D [I 
1-710] <hfs)t££>;*;£T\ f^30n mCDT i 

a^ss 2 (Dmmm 5 2 b ^iigp 1 4 b 2 <omm 

81 2 B±lCX/ty^a(CTJBfiKUfc», Hjfc«7(D 
[18-7 3 0] £|iJ«!<£;fr;£T\ ff52c£C ug 5 4 B 
**/ty*SlCT±ffilCjaMU SIC, *<D±lZAgm 

115 2B, S2(DC u|5 4 B&tfAgJl5 6^e>/£ 

[0 1 2 4] [IS- 1 2 7 0] ;*OT\ ^Srt/U;**) 20 

2 <0&JBE»JB 5 6 , 5 4 B, 5 2B«RtU SSP 1 
4BrtCAgi56, 3S2CDC uB5 4 B&tf3f5 2<£>2S 
S®5 2 B*»U" E85 8^Mt§ (01 8<D 

(B) o >r^^;u>^-^;u^u^vzL<D^ 
HS£0J7<7> [11-7 4 0] <h(il«lc!:t-^c<h^T 

[0 12 5] ft, <r*a;u;*a-.rt;M*ij ^->zl;*icJ: 

oT$2(0a8S 1 2 B±OS2(0&ieM5 6, 5 
4B, 5 2 B*»*-r«ft*)U fC, *J6«8iRI«fC, 30 
31 2 0>!&JIE*SJ1 5 6 , 5 4 B, 5 2 B £ K^-fXy^ 
>^aCTlyfAy*U CtKCctoT, 31951 4B 

ft{z<D&m2(D±m&t&m5 e , sab, 5 2.b-*» ' 
u san 4 Brt[ciesi5 stMtaciww. 

[01 26] 1 3 ) HJS^IJ 7 -HSfcffl 1 2 fCfc 

1 3-HSSffiJl 5 lcfclt^¥©^ilMOgfi^S^li, * 

%^cd^ 3 <Dmmz&%&mmjj}£\zTm&L?%o 
[01 27] mbai 1 3 <D*mi*&mo&»mmji}£ aq 

it, (-<) S*1 0±IC«»S1 2*JB«Lfc». 

JBl 2fC»tf1 4t»*«Ilt» (□) 3IS1 4£ 

dtriHMM 2±lc. T»6CM5 2KtfCu|5 4 

»6dt«MoM 1 <D&mimm 5 0 A*«*t«ii 
<t v (/\) t&twii 2±omi «>ftaEtM5o-A«Mi 

£U ff»1 4rtlC«1 <D£Hffi*!gJl5 0 A^gtli 
ch, (-) »1I1 2±»t«Bl (OftJIEIWiS 0 A± 
Id, AgJ1^6fiE*S2<D*ME«JB5 0 B*JBJ5£-r4 

lit, (*) mmm 1 2 ±<om 2 4>aiieimi sob 

*«*U 4rt(cSB2©&«E»»5 0 B*«f 50 



[0 1 2 8] §g«J!5 2, C u!5 4fttm2 0ftlE 
38J15 0 B(Z)»A[*^y^;t(CTfr3o (A) 
©IilCfcltSWII 1 2 ±G>» 1 £>£JIKi|gJl 5 0 A 

attfiz (7|x) oia(cfc(t4&«»« 1 2±cofg 

2^IESI5 0 BORilt *®EJ§@5 0<D^r5 

ik ^s*;u>*— *ju*uy>a.ic»'r**i awns 

2 O^SEtUS 5 0 A, 5 0 B 1 2 <0»Rlt* 

[oi 29] *mw<Dm3<Dmmizm%&mmmj3miz 
fcutii, «xn^tt2oiHii(cfli«Btk^a^ac<fcu 

*>— SffiUlCC ul5 4$Agl^^$2(D^Iie 
IS15 0 BTiIt4CiitT*-5, 
[0 1 3 0] KIT, ¥«M*««t?©«aMtt-«KHB 

[0 1 3 1] [II- 13 0 0] fflAtf¥«*£45«>& 

A£gf*;i 0±(cs i 02»6A««H1 2ZBl£-f 
ifcMl 2 0JB«Sfcft*. «A.(»IJBflll<D [II 
-100] £H*£-r5C±:#-C&*o h 

^111 2lc3|«i 4eMt§o M. X01 4IM1 
8<&«ffilcgBfc*filcetfT^£o K^>Tiu/3 1 >£ r 
<0*4*«\ *«S«1<7) [Il-i 1 0] tmmtTZz. 

[0 1 3 2] [II- 1 3 10] fclC, T*6T i 15 
2 A/T IN152 B^e>A^SB*B5 2*318151 4£ 

2±l:^«^;if:tM«c ffi«H5 
2£. MAtf»BffilO [Il-l 2 0] <hf5i«c!:-r^ 

[0 1 3 3] [II- 13 2 0] M(Cu)l 
5 4€:^A-/^;i(CT±ffifCJBfi!E-r^ (01 8<0 (A) 
#fiS0 o Cul5 40M^ HS6W7CD [11-7 2 
0] <hH«£-r*C<fc#-T£*o CPUT, ^SBI 4^ 
Mftftll 2±IC. T^68B*«5 2MC u!5 4 
^6J««*JB<7)«1 CD^MIB^S5 0 AZm&t'&Z.t 

[0 13 4] [ii- 1330] ;*ic, 

*;^U^vzL;ilCct^Tlft»Bl 2±<DCuil5 4S 
2 « ft¥«Ma«Mi:^SUTI»i * 

SP1 4rtfCCui5 4SOCggS«5 2]^&Jtt««1 
SE3^Jl5 0A^^-r (HI S<D (B) #1(9) 0 >r^^3 

)\,*p—ii)Vi£Vy*sjL\zi*. ma izTjk-fmmgimzm 

1 3<tH«<fr*C4^r** 0 Cul5 4»tfS»i 
5 2 (ZXrS ^ - ^;utR V y >zl5* fc J:^»5feic(i 

K4 F e (CN) 6 + H20^fflC\§ c 
[0 1 3 5] [II- 13 4 0] S(Ag)i 
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izm&LTZ (SI 9 CO (A) *HB) o AgflOSdtt. 
MBffll 3(D [11-7 3 0] £W«£-f«C<!:#-C* 
£ e c o ITS l <0£JlE8gJl 5 0 AOOSlHtfA g B# 

e>/£3S 2 <D£JHSJgB 5 0 B "C^^tl^o 
[0 13 6] [Ii- 13 5 0] ;k\z, <r^^;u>^j- 
A^U^i/aaCioTttil 2±(OAgB^«b/£ 

««2(D&iiEtti5 o Bc^natftMftnicmu 

TlfcSU 3t»1 4AlCAgJ|»6a«ft2<DftMett 
150B*»U »1StfK2 0)MEM5 0A l 5 
0B*6«*EIH*»flir* (0 1 9(0 (B) *ffB) o 
<T5^^>^-^;U7RU yS/aOftftlt Hffl^J 1 3 £ 

*;UtHU ^>zi>Sfc<fc£»*{c(* 1 2 + K l (OS^zkiS 

[oi 37] nmmi 3icfcc\T(i. fxx^eiksa^ 
K^x^^tea^g^fcy, ufx^h/t^-- 

31 1 <£>£JISB$£J1 5 0 A<OSSl*S 2 (O^lSdl 5 0 
lEtSB 5 0 A Cul54 0Hft*ttjLJ-« - 

[01 3 8] mas^n 3(c*3iNT(i, m^<D&m&mm 

5 0 AatfM2 0)*MEtMiS 0 B 

*JU*U y '^aaiCTffofc^ 8 <b ID 

flMc K 5*f x y 5 1 >^;SIC J: -5 x y y # (CTI»*-r 

[0 1 3 9] 3=7t, HJfetflJI 3lZTWlWlsttmW<Dm 

t>ziM*nmmi oictrwl^ po*-juG>Bist 
*iw*SIJ6«i 2 i:fcit§Agl5 6 0>ftfcyic. use 

[0140] (HJSflJ 1 4 ) USStfij 1 1 iCfclt* Agl 

5 6 (oft*? y 1 3 izxmm isfz&mm&xm 

%o W« SB1 atf/Xtt»2©ft«EIBJi*4r5*;U> 
£mmzF^'(Jiy3 L ># : ,£lZTJLy3 L /*y??Z>Z.£ 
[0141] [IS- 14 0 0] «*±^<0, 

<0*J$1^*>;±Ao 

[Ii- 14 10] Si 02&tf B P S GC02H^e^c 
**1 <Dt68B<0^fiRaof'J7a-«iSo 



[Ig- 1 4 2 0] Si <Olfe»B±^<OS i 02^b/S 

^S2(0«»«(0^fiSo 
[Ig- 14 3 0] S2CDtt8B^OS8l5<Off$fiJco 
[Ig- 1 4 4 0] 35 1 <0tt»B^<0BBPW<0»j«o 
[Ii- 14 5 0] T i B/T i NB£*6>dc&ffi*B0 

BBP»a«ai»«:dto*2 0|6«B±^<D^/ty^as(c 

[Ig- 14 6 0] ffi»B±^<0^y^a(Cj;*C u 
10 [Ig-i 4 7 0] ^*;u**x*;U7t?ij y>iic<fe 

[Ig- 1 4 7 0] ±®IC, */t«/*5*(Ccfc*AgB;0> 
b/£<5S 2 (O&BEfgBOJfc/So 

[Ig- 14 8 0] ^JUU^x^UtH U -/>j.;ilC 
£<5S 2 <OH6»B±<OSS 2 <O^MK$g/lCOP^*o 
[0 1 4 2] (Jtflgffll 5) HJfcffiJI 2|Cfclt^>AgJl 

5 6 u ic, mmm i 3 ictrhh u^ei*^/**-;* 

£ilffl^3H^<OIg<o:7P-eD*£, JUTrcKWT 

£<> ft, si atf/3u*»2<&ft«E»B*<r5*ju> 
<fcn*ic K^^x^^y^itcxx^^/s^^-r^ci 

[0 1 4 3] [Ig- 15 0 0] mft±^<D, m=FKM 

mm. *-mw*d»bj«. LDD-r*>2Ao y-h* 

[Ig- 15 10] Si 02»tf B P S G(^)2i^b« 
£S 1 <D«»BOJBj«&tX U7P -*fl«. 

[ig- 1 5 2 o] mi <oimm*><Dnnm6msL. 
30 [ig- 1 5 3 0] m 1 <o«sb±^<ds 1 ommmjst. 

[Ig- 1 5 4 0] ^=aJU>axaJU#'J y>3.;SIC 
cfc^S 1 <0&SiJI±<oS 1 co£KE*IB<Ol&So ctuc 
cfc^T. HPSlcff 1 O^JIEiilB«tSK>i&Ktl^j9ffll 

[Ig- 1 5 5 0] ±®(C, S i 02J^efiE5S2(Dtt 
HOi£ S2(0*6»B^<0*gI5<D^J5Sc 0 

[Ig- 1 5 6 0] ff 20feSB±'S0ff 20>8*«& 
40 t/C uBO^^^;ilc«fcSJBJ« 0 

[Ig- 1 5 7 0] ^5>3;U^^X^;U7HU yyalCcfc 
^S 2 <0*&*§Ji±<0 C u ^a^S 2 <0ffi»B<0l**o 

[Ig- 1 5 8 0] ^/ty^iifCcfc^AgB^ 
^>J«^S 2 <0*HE«SB<OJBJ5Eo 

[Ig- 1 5 9 0] *TX-h)\,**--h)\,^) ^vzl>±[C 
cfc^S 2 (^ffiil±^S 2 <0&«ElgB<Ol»£o 
[0 1 4 4] JU±, L/l\*JSffillC»-^*K 

50 ilMfSCtOTS*. if^(CcfcoT(i. jSSP 
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14, l 4 B©ftt>yicBBP»***-r4c:4:#T* 

[0 1 4 5] mmmitmS i 02&<5lMiS i 02chB 

tl*b<Dt$t>VlZs BPSGs PSG, BSG, AsS 
G, PbSG, SbSG, SOG, S i ONfe-SlMiS 

[01 46] 1 ~nmm e izts^xu* a g s 2 

0 Ag2C03*lS»i:UTffll^b*»«*f 
ffiiSfCTfrofc;^ *©«*>y(C, A g N O2 v A g B 
rgKliAg I *«H£UTffll^b¥m««aia(C 
TftpCi: Ctl&CDig^OC VDSfcft, TklS 

@3(:ilfcCV DgglCfcOTlf! 1 &tfM 20t-> 
-2 0 6, 2 1 0|CJ:^TS2^2 0 4StfCVD5 1 t> 

[0 1 4 7] jjKft : AgNOz 



fliHsKHK 

1 0 0 Osccm 
J±* 

3 T + 4 H20 T 
[01 48] R» 

1 0 0 Osccm 
T 

[0 14 9] IS 

1 0 0 Osccm 

EJ6SC 

[01 50] H; 



1 5 0° C 

Ag NOZ/A r/H2=1 0/25/ 



2 . 6 X 1 03 P a 
4 5 0° C 
14 0° CJSLt 
2 A g N02+ 7 H2- 



►2 A g + 2 N H 



A g B r 

4 5 0° C 

A g B r/A r/H2= 1 0/75/ 

2 . 6 X 1 03 P a 

5 0 0° C 

4 3 4° CfiLh 

5 0 0W (^XVCVD) 
2AgBr + H2->2Ag + 2HBr 

: Ag I 
5 6 0° C 

Ag I / A r/H2=1 0/1 00/ 



2. 6 X 1 03 P a 
6 0 0 ° C 
5 5 2° CJU± 
5 0 0W (^XVCV D) 
2 A g I + H2->2 A g + 2 H I t 
I7-H«g#ij1 SICfcUT, CulS 

tx/x(4AgS«:^t-/^;*icT^j«*r^ft^y c 

ffiffl^X Cu (HFA) 2 /H2=1 0/1 00 



10 



20 



30 



40 



0 seem 

JE2f : 2. 6 X 1 0 3 p a 

SSJqgftSS : 3 5 0 • C 

/t9- 5 0 0W 

[0 1 5 1] ffiSB^, T i Jf/T i NJtOftfoU 

CCD T iilXliT i NHO^^Ii, Hfflgffll 

1 <D [II- 1 2 0] ICTifcUSO/tT ill 8 A, T i 

ns 1 8 Bomf&Skfttmmt? «c4#t*s. 

l MiX, 8B*»£, T^6Ag«/T i Jf<7>2Htgj£<!: 
JEJSESfeWli. HfflWlO [XS-1 2 0] iCTRWOfc 

t in 8 A©rartft#&n«ir*c&a«T**. 

Agl(D7/t7^M 



EE^J 

If 

[0 1 5 2] 



A r = 1 0 0 seem 

4 k W 

0. 4 7 P a 
2 0 0° C 

5 0 n m 

2*Ji*aWtr<5T i N<Dft*>lMC, T i 



50 



i % t i N«os»n«wdK-r«&jiJixaftJK<b^HB' 

[0 1 5 3] gtechUTIi, ->U £>3 
let), MgOIS, GaAsifi, Se»h7>y^ 

* h*-;k tf**-;k ^;u-t|x-;u) ,^muti 

[0 1 5 4] «S«6lCfcl\Ttt, F^7>^7h^ 
>^*^>CVD5S*JIH\TB8PgPl 4AP*9IC^>^X 

SlRCVD&lCTBBPan 4 ArtlC^>^X^>^^^ 
€JB«UTt>cfel^o COH^Olfcfl^ «^LtfJaT<0<t 
feUi«Ct*T*-5o <£ffl;tf;* : WF6/S i 
H4/H2/Ar = 1 0/7/1 0 0 0/1 
0 seem 

£ S 2 6 0' C 

E ^3 : 26Pa 
[0 1 5 5] *9eH(*. MOS¥**XBU*0flb0>¥ 
/W#-7h7>y^*, CCD) 
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[0 15 6] XJtyfmit. V^hP>^/t'>^U> 

[01 57] 1 ommz%^wi.mmm\zisK\ 

i&SMgiilCfcUTliC uHtfTFIC. fc-SUISX. g^JKD 
T<0l2iMU§Sb<(ii£l^?Uc. Mo. TiH©ja»jS^ 
H. Xli. T i;W. Z r N, W. WC, T i C. *<D<«e. 10 
MoS i2. WS i!, TiSi !lfOv 'J 1M Kil^* 

Jig L, < li#«$l*^tt^^Jl^^JT5^^ c <b^T- 
[0 1 5 8] 

**. *SIM* K^-f x^^lcfclt-SXy^V^W^F 
±^l-1t^ □ P - a XDHae BS-r 3 - <t -5. 20 

[01 59] $)t. a«*:iH^*-rs^i*^g^ 

*tfl»Ji©*±&*¥»f^5rte£fc*. fi£5fc(DS i 

owaitta'gL^ofc^ &m%imm<Dwmi*mmmiz 

r-5. 

[0 16 0] MIC 3ISXttraPSPrt©*lc*SE|9JB 
^Bffci&IC. <r5*;p^>j-^;U^U >y->3.;S«€.lN 30 
[ i K ^ x y 5 1 > f» lc J; 3 x 5 1 A' y ^ * mm t -5 C 
<tlcJ:oT. fie*©&W£g:*ftlcli*<Z>£$fflO-5C 

[0 1 6 1] W, igBPXfiUJPHPrtlc-y-f Y-OX-fr*. 

[0 1 6 2] *5tWV>W, 1 <O^IC^-5ie*S«jtatXK 
i&JK/£;fr;2;lc*5l\T[i. A I S^&.fcyffiixU'^ hpv 40 

&(DT*gtti^ro(ffI14#fi£J|5J; y |fi)±t-^ <> MIC. 
A g li A I ij JgffiAm^T'^ilttili^/fcg 1 

[01 6 3] *%-w<&m2<Dmmz%z,w.i&m^ 

ICS 2 3 cog|«l(c^§ieij«»M*;i (cfcUTli. 

T&SStlTO-SroT. C u H£>&-fb£R*<<!:l5jl$(C. 50 



A g OtefiStttlCJ; ^ TIE«!g&ia£{£< «"3 C <h#T£ 
3 ? fife*. C uiZmtmv>fflmT'7u-t*mfe<0&&ff 

ttf*[mzt&z> 0 

[0 16 4] *%W(OiEilPJf$fiE^;£lcJ;iJ. AgCC 
VD^PjfigifcU. >^gP-f>SPgP'sCDAg(D^S«)ia : 

[0 1 6 5] MICIi. *^(DCVD^(CfclNTIi. 
C V D^-f >A-n© V-Xi&i&iEg&tf C VDft>/< 
©Si&a5£iUl\;£&lC#f#T'l*3<D-T. £!£LTISif4;tf 

[0 1 ] ussei i a>¥mfrmm<D$&mtmm<Dmj$.<fitim 

[0 2] 1 roiE^Jf$fig^;±W=&IH$:IJiWr-5fe 

[0 3 ] *3£W<DC V Dgi©g!t@Tfc§. 

[0 4] *^won«siciiurcersiiMo^S0-cfe 

[0 5] 3 wy--f K9;t- ;Uff5fiElS^IKWr-5 
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